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INTRODUCTION

CELCAP is a computer program written at CEL for the analysis and compari-
son of cogeneration system alternatives at Navy activities. The cogeneration
system may stand alone, or it may be fully integrated with the utility company
grid. The concept of a fully integrated cogeneration system is depicted in
Figure I (page iv).

Features of the program are:

a. Analyzes steam turbine (single extraction or back pressure), combus-
tion turbine, and diesel systems;

b. Handles any mixture of five (5) or less engines;

c. Compares operation of system assuming three different control modes
(modulation to follow thermal load, modulation to follow electrical
load, and constant operation at full load);

d. Can analyze effect of installing peaking engines as well as cogenera-
tion units;

e. Accurately predicts off-design performance of engines;

f. Predicts cost of purchased electrical power and revenues from sale of
power to grid with rate structure algorithm (algorithm can be readily
modified for different rate structures);

g. Input data includes typical steam and electrical load profiles for
work days and non-work days of each month, engine design point data,
fuel prices, rate data for purchased electricity, and assumed escala-
tion rates for fuel, power, and O&M;

h. Output data includes comparisons of the system's steam and electrical
outputs vs. loads (plots and tabulation), monthly and first year
breakdown of costs, and annual cost projections throughout the life
cycle. Much of the information needed for completion of MILCON re-
quest form 1391 is included.

This is the "User's Manual" for the CELCAP program. The manual includes a
great deal of the input information required by users at the EFD's, or will
specify the source of information for the user. For example, design point
data for a number of typical engines will be included in such a way that the
input for most engines can be accurately inferred. Basically, the user will
be responsible only for providing site specific information on the thermal and
electrical load patterns and the electrical utility rate structures.
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CELCAP is intended to be a tool for conducting "first cut", or "fatal
flow" analysis of congestion system options; it is not intended as a design
tool. Because of the flexibility, however, it allows rapid consideration of a
large number of alternatives and evaluation of many parameters. Experience
gined by CEL in evaluating cogeneration options at several Navy activities
has resulted in the conclusion that preliminary comparisons of alternatives

can be conducted at very reasonable costs with CELCAP, and conclusions can be
drawn regarding the alternative(s) to be considered for more detailed analysis
and design. A general description of the organization of the CELCAP program
follows.

CEL ANALYSIS PROGRAM FOR COGENERATION SYSTEMS

SECTION 1. Determine "Limiting" System Performance

Input: Engine mix for analysis.
Design parameters of each system.
Site atmospheric information.

Output: Limiting electrical and steam production and fuel consumption.

Capability: Combustion turbines with exhaust boilers.
Diesels with exhaust boilers.
Steam extraction turbines, back-pressure turbines.
Peaking or cogeneration units.

SECTION 2. Determine Steam and Electrical Loads

This algorithm is site-specific. For LBNSY, algorithm considers impact of
industrial loads, losses, ships, and weather.

SECTION 3. Compare Loads and System Performance

Input: Mode desired.
Identify peaking unit operation periods.

Output: Electrical and steam production and fuel consumption of each
engine in response to loads and control mode.

Purchase or sale of electrical power.
Make-up steam from fixed boiler.
Amount of excess steam produced.

Capability: Control modes: Full throttle.
Modulation with electrical load.
Modulation with steam load.

ii

--A -



SECTION 4. Calculate Annual Costs

Input: Fuel costs for each type system.
O&M costs for each type system.

Output: Annual fuel costs: Combustion turbines.
Diesels.
Steam turbine boilers.
Fired "make-up" boilers.

Annual O&M costs: Combustion turbines.
Diesels.
Steam turbines and boilers.
Fired "make-up" boilers

Purchased electricity costs.
Revenue from sale of electrical power.

The algorithm for cost of purchased electrical power and revenue from sale
of electrical power is site-specific. Algorithm for LBNSY uses TOU-8 schedule
of SCE.

SECTION 5. Calculate Life Cycle Costs (LCC)

Input: Short and long term escalation rates; fuel O&M.

Key years: Year of "present" worth.
Installation year.
Year of change in escalation rates.
End of economic life.
Discount rate.

Output: Future value for each output of SECTION 4.
Total LCC over economic life.

p ,
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Reference material has been included throughout this publication to ease
the collection of data. All input data is to be entered on cards. Valid
copies of the input data cards are located on pages 81 through Ill to verify
the designated format.

For more specific information contact:

DR. GENE COOPER

Civil Engineering Laboratory
Mechanical Systems Division
Code L63
Port Hueneme, CA 93043
Telephone: (805) 982-4675

-or-

DR. RICHARD LEE
Civil Engineering Laboratory
Mechanical Systems Division
Code L63
Port Hueneme, CA 93043
Telephone: (805) 982-5925

'i
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CONTROL MODES

Enter your choice in card 1, column I.

The control modes to be considered are:

Choose 0: if the engines are run at peak electrical output.

Choose 1: if the engines follow electrical load up to their capacity.

Choose 2: if the engines follow steam load up to their capacity.

Choose 3: if all of the above control modes are to be considered.

Variable name: MDLTR
Data card sample on page 81.

REPORTS

Enter your choice in card 2, column 1.

The printout will be produced in either of 2 ways:

Choose 1: if a detailed printout is desired.

Choose 2: if only engine information, annual costs, and life cycle cost
printouts are desired.

Variable name: IPRINT
Data card sample on page 81.
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"PRESSURE * KNOWN
(TEVP) the steam has /TEMPERATURE J OR

N ENTHALPY ASSUMED

(HLV) the heat PRESSURE REFER
of evaporation has AND TO

TEMPERATURE STEAM
TABLE

KNOWN
(BLREF) the boiler has efficiency OR

ASSUMED

+ KNOIWN

(TBLFRD) the feed water has temperature OR
ASSUMED

THE AUXILIARY FIRED BOILER

Refer to the steam table on page 3 for specific data.

VARIABLE NAME
AND

ENTER IN CARD 3: SYMBOL ON CHARTS

Columns: 1 thru 10: the feed water temperature, R. TBLRFD
11 thru 20: the evaporation temperature, R. TEVP
21 thru 30: the heat of evaporation, BTU/LB. HLV
31 thru 40: the boiler efficiency, decimal form. BLREF

Data card sample on page 82.
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VARIABLE
ENTER IN CARD 4: NAME

Column 1: the total number of gas turbines. NUM T
Column 2: the total number of diesel engines. NUMDSL
Column 3: the total number of auto extraction steam turbines. NUMSTT
Column 4: the total number of back pressure steam turbines. NUBPST

Enter 0 or a combination of these four, but no more than a total of five.

Data card sample on page 83.

ENTER IN CARD 5:

Columns 1 thru 6: The decimal form of the ambient pressure at the location

of this study.

NOTE: If you cannot determine the ambient pressure, use 14.7.

Variable name: PAMB
Data card sample on page 83.
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To determine the maximum and minimum temperature of each month refer to
the Local Climatological Data Annual Summary with Comparative Data produced by

the Department of Commerce. Use the table, "Normals, Means and Extremes."
A copy of this summary can be obtained from:

Climatologigal Analysis
National Climatic Center
Asheville, North Carolina 28801
FTS Telephone Number: 672-0319

Refer to pages 6 thru 9 for a copy of a sample summary.

-5-



LOCai i,,,mamoiogcal uataAnnual Summary With Comparative Data

1978

PROVIDENCE, RHODE ISLAND )4TFSO

Narrative Climatological Summary
The proximity to Narragansett Say and the Atlantic Ocean plays an important part in determining the
climate for Providence and vicinity. In winter, the temperatures are modified considerably, and a
good many of the major storm drop their precipitation in the form of rain, rather than snow. In
summer, many days that would otherwise be uncomfortably warm are cooled by refreshing seabreeses. At
other times of the year, sea fog may be odvected in over land by onshore winds. In fact, most cases
of dense fog are produced in this way; but the number of such days is few, averaging two or three days
per monrh. In early fall, severe coastal storms of tropical origin sometimes bring destructive winds
to this area. Even at other times of the year, it is usually coastal storms which produ:e the mose
severe kind of weather.

The temperature for the entire year averages around 50%. ranging from a low of 47° in 1917 to a high
of 54' in 1949. January and February are the coldest months, with a mean temp rature near 29', while
July Is the hottest with a mean close to 72". The average temperature for the first two months has
ranged from as low as 17" in February of 1934 to as high as 39' in January of 1932; while the range
for July has been from 68' in 1914 to 78" in 1952. August is nearly as warm " July, with an average
temperature around 70'.

FreezinS temperatures occur on the average about 125 days per year. They become a commn daily occur-
rence the latter part of November, and cease to be commn near the end of March. The average date for
the last freeze in spring is April 14, while the average date for the first in fall is October 26,

making the growing season about 195 days in length. Subzero weather in winter seldom occurs, averag-
Ing less than one day for December and one or two days each for January and February. The lowest
temperature ever recorded in Providence has been 17 below zero (February 9, 1934).

Seventy-degree temperatures become common near the end of May, and usually cease the latter part of
September. During this period, there may be several days with 90' and over, averaging near eight days
per year. However, 90' temperatures have been recorded as early as March 29 (1945), and as late as
October 10 (1949). Readings of 100' and over do not occur very often, and have been confined to the
months of June, July and August. Some of the hottest days of sumer come in August; the all-time high
was 104' on August 2, 1975.

Measurable precipitation oicurs on about one day out of every three, and is fairly evenly distributed
throughout the year. The annual average is a little more than 42 inches, but this has varied from as
little as 25.44 inches in 1965 to as much as 65.06 inches in 1972. The driest month of record waa
June 1949, with only 0.04 inches, while the wettest was August 1946, with 12.24 inches. There is
usually no definite "dry season" but occasionally rather serious droughts are experienced; for exam-
ple, the sumer of 1949, when only 1 inch of rain fall during the months of June and July.

Thunderstorm are responsible for much of the rainfall from May through August. They usually produce
heavy, and sometimes even excessive, amounts of rainfall; but since their duration is relatively
short, damae is ordinarily light. The thunderstorms of sumer are frequently accompanied by extrme-
ly gusty winds, which may result in some damage to property, especially small pleasure and fishing
craft.

The first measurable snowfall of winter usually comnes toward the end of November, and the last in
spring is about the middle of March. The average snowfall for a winter season is close to 40 inches,
ranging from as low as 11.3 inches in 1972-73 to as high as 75.6 Inches in 1947-48. Only nine winters

have had over 50 inches of snow, while 19 have had less than 25 inches. The month of greatest snow-
fall is usually February, but January and March are close seconds, with the record snowfall for any
month being 31.9 Inches in January 1948. It is unusual for the ground to remain wll covered with
snow for any long period of time. However, during the winter of 1947-48, there vas a consistent snow
cover from December 23 to March 18.

NATIONAL OCEANIC AND ENVIRONMENTAL DATA AND / NATIONAL CLIMATIC CENTERo a a ATMOSP RIC ADMINISTRATION / INFORMATION SERVICE -- ASHEVILLE, N.C.

-6-
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ENTER IN CARD 6:

The maximum temperature of each month in R (degree Rankine form; (OOF =

459 0R) is to be entered in card 6.

If you cannot obtain the previously described publication for the area of
this study, assume 590F (5180R) for all values.

Columns: I tnru 6: January
7 thru 12: February

13 thru 18: March
19 thru 24: April
25 thru 30: May
31 thru 36: June
37 thru 42: July
43 thru 48: August
49 thru 54: September
55 thru 60: October
61 tnru 66: November
67 thru 72: December

Variable name: TMAX (month)
Month = 1, 12; (January thru Decemoer)
Data card sample on page 84.

ENTER IN CARD 7:

The minimum temperature of each month in R (degree Rankine form;

(OOF = 4590R) is to be entered in cara 7.

If you cannot obtain the previously described publication for the area of
this study, assume 590F (518 0R) for all values.

Columns: I thru 6: January
7 thru 12: February

13 thru 18: March
19 thru 24: April
25 thru 30: May
31 thru 36: June
37 thru 42: July
43 thru 48: August
49 thru 54: September
55 thru 60: October
61 thru 66: November
67 thru 72: December

variable name: TMIN (month)
Month = 1, 12; (January thru December)
Data card sample on page 84.
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If jhe system does n9t have any gas turbines, the number entered in
c of ata card 4 is zero 0. Do not prepare data cards 8, 9, and

10.

Turn to page 15.

If the system has more than one gas turoine, the number entered in Column
I of data card 4 is more tnan one. Prepare one set of data cards, numoers 8,
9, and 10, for each turbine. Place eacn set of data cards (numbers 8, 9, and
10) after each other in tne data deck.

EXAMPLE: Turbine 1 data cards 8, 9, 10
Turbine 2 data cards 8, 9, 10
Turbine 3 data cards 8, 9, 10

ENTER IN CARD 8:

The design conditions for the gas turbine (refer to the table on page 12
for representative information).

VARIABLE NAME

Columns: I thru 12: the design output at full load; KW. ED
13 thru 24: the design fuel consumption at full load;

BTU/HR. QFD
25 thru 36: the design air flow; LBS/HR. AIRFLD
37 thru 48: the compressor inlet temperature; R. TAMBO

If not known, use 519.
49 thru 60: the compressor inlet pressure; PSIA. PAMBO

If not known, use 14.7.
61 thru 72: the lower heating value of the fuel used, HV

BTU/LB. This will de approximately 18,300
to 19,800 BTU/L8 for distillate oil, and
20,000 to 23,000 BTU/LB for natural gas.

Data card sample on page 85.
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OUTPUT FUEL STD. STANDARD
GAS TURBINE KW CONSUMPTION AIRFLOW TEMP. PRESSURE
MODEL NUMBER COLUMNS COLUMNS COLUMNS COLUMNS COLUMNS

1-12 13-24 25-36 37-48 49-60*

ALLISON 501-KB 2,500 30,214,000 88,148 LB 590F 14.7 PSIA

ALLISON 570-K 4,806 58,608,000 154,080 590F 14.7 PSIA

GARRETT 1E 831-800 515 8,700,000 28,237 590F 14.7 PSIA

GARRETT 1E 990-51 4,103 48,070,000 138,500 590F 14.7 PSIA

GE 5341 24,200 298,900,000 928,500 590F 14.7 PSIA

GEG 3142 10,150 138,550,000 408,800 590F 14.7 PSIA

GEG 5261 18,900 252,000,000 767,000 590F 14.7 PSIA

* NOTE: For COLUMNS 61-72, the LOWER HEATING VALUE, refer to page 11.
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ENTER IN CARD 9:

The "off-design" conditions for the gas turbine.

Use input information at a given partial load (say 1/2 load) in order to

formulate the performance curves. If this information is not known, inout
zeros (0) for all. The calculation will be based on the already bult -in
performance curves.

VARIABLE NAME

Columns: 1 thru 12: the power output at the above given EDP
partial load; KW.

13 thru 24: the fuel consumption at the above given QFP

partial load; BTU/HR.

25 thru 36: the fuel consumption at the zero load QFO
(no power) condition; BTU/HR. If not

known, input the value of 0.315 of
design fuel consumption at full load,
BTU/HR.

37 thru 48: the turbine exhaust gas temperature TEXHO
at full load, R.

49 thru 60: the turbine exhaust gas temperature at TEXHP
the above given partial load.

61 thru 72: the stack temperature, R. This will be TSTACK
normally about 50OF to 750F higher
temperature of the steam and with a
low limit of 250OF to 3000F.

Data card sample on page 85.
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ste ,;r rnab L TEMPERATHE J(J ENTHALY J

Bl EFFICIENCY =>ASSUMED 0 0.9d
Boiler ha

JEFFECTIVENESS :>ASSIJt A V.LOJ

1 4 Feed water has temperature => L,."LPY

THE HEAT RECOVERY BOILER

VARIABLE

ENTER IN CARD 10: NAME

Columns: I thru 10: the steam pressure, PSIG. STMPRE
11 thru 20: the steam temperature, R. STMTEP
21 thru 30: the enthalpy of steam, BTU/LB. STMENTH
31 thru 40: the temperature of the feed water, R. FETEMP
41 thru 50: the enthalpy of the feed water, BTU/LB. FEENTH
51 thru 60: accounts for "radiation" losses from the EFFCTV

waste heat recovery boiler. This is
normally about 0.98 (decimal form).

61 thru 70: the effectiveness of the waste heat EFFNS
recovery boiler (decimal form).

Data card sample on page 86.
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If the system does not have any diesel engines, the number entered in
column 2 of data card 4 is zero (0). Do not prepare data cards 11 and 12.
Turn to page 22.

If the system has more than one diesel engine, the number entered in
column 2 of data card 4 is more than one. Prepare one set of data cards
(numbers 11 and 12) for each engine. Place each set of data cards, (numbers
II and 12) after each other in the data deck.

EXAMPLE: Engine 1 data cards 11 and 12
Engine 2 data cards 11 and 12
Engine 3 data cards 11 and 12

ENTER IN CARD 11:

For specific information refer to the manufacturer's data sheet. A similar
data sheet is shown on pages 16 thru 21.

VARIABLE NAME

Columns: I thru 12: the net engine output at full load; KW ED
(#1 on example data sheet).

13 thru 24: the fuel consumption at full load; BTU/HR. QFD
25 thru 36: the exhaust gas temperature at full load; R TEXHO

(#2 on example data sheet).
37 thru 48: the exhaust gas temperature at a partial TEXHP

load; R. If not known, input zero.
49 thru 60: the power output at the above partial EDP

load; KW. If the exhaust gas temperature
is input zero, input zero for this also.

Data card sample on page 87.

ENTER IN CARD 12:

Data on the exhaust heat recovery boiler for the diesel engine.

VARIABLE NAME

Columns: 1 thru 10: the intake air flow; LB/HR (#3 on the AIRFLD
example data sheet

11 thru 20: the stack temperature of gases leaving TSTACK
the boiler, R. This will be normally
about 50OF to 750F higher than the
temperature of steam and with a lower
limit of 710OR to 760 0R.

21 thru 30: the steam pressure; PSIG. STMPRE
31 thru 40: the steam temperature; R. STMTEP
41 thru 50: the enthalpy of steam; BTU/LB. STMENTH
51 thru 60: the temperature of the feed water; R. FETEMP
61 thru 70: the enthalpy of the feed water; BTU/LB. FEENTH
71 thru 80: accounts for "radiation" losses from the EFFCTV

the exhaust heat recovery boiler, normally
about 0.98 (decimal form).

Data card sample on page 87.
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CATERPILLAR MEI 3nPO

lt p MUP w

Approximate dry weight ........ 13,200 Lb. 5990 Kg.

PRIME POWER RATINGS DIESEL ENGINE

60 Hz @d 1200 RPM 50 Hz @11000 RPM Forsrk cyltubhaedaecoed isl
Jacket Jacket engintoe. ccetrohre-atro ddee
Water Watereni.

Aftercooter Aftercoolet Number of cylinders ......................... V-8

KW (S0.8 P.F. (w/o fan) 400 330 Bore and stroke: Inches ................ 6.25 x 8.00
KVA.................... 0 1. millimeters.............. 159 x 203
Voltages Available ..... 125/216 200-400 Piston displacement: cu. In .................. 19%4

2040230-460 liters ................... 32,2
2400 -Compression ratio ... . .. . . ... . . . . 15.5:1

Phas* .......... 3 3 'Full load speed ......... .60 Hz 1200 RPM
Were A Connlection .... 10, Wye 10, Wye 50 Hz 1000 RPM



STANDARD EQUIPMENT

Dry, Single-Stage Air Cleaners

Flexible Fuel Lines

Fuel Filters

Fuel Priming and Transfer Pumps

Woodward UG8 Governor

(Isochronous Regulation)

Gear-Driven Jacket Water Pump

Water Temperature Gauge

Thermostats and Housing .....

Lube Oil Cooler and Filters

Lube Oil and Fuel Pressure Gauges SRCR GENERATOR

Tachometer Drive (SAE Standard) SConstruction:

Safety Shutoffs for Low Oil Pressure ' Revolving-field, single bearing AC generator with built-in,

and Overspeed statically-regulated, statically-excited system. Amortisseur

Mounting Rails windings function to oppose pulsation of the magnetic field,
minimizing the hunting effect when generators are paralleled.

Service Meter
Dry, Water-Shielded Exhaust Manifolds Ecittion:

Lifting Eyes By rectified alternating current. Voltage buildup relay only

Oil Pan (23" approx. max. tilt angle) moving part.

ATTACHMENTS Regulation:

C Air Cleaner Service Indicator Silicon controlled rectifier. Translatorized voltage regulator,
O Arlaer Swric with no moving parts, automatically maintains voltage within
[ Alarm Switch :t2% from no load to full load. No external voltage regulatorC Automatic Transfer Switch needed.
D Auxiliary Drives
0 Auxiliary Water Pump (Standard on

Raw Water Aftercooled Engine) Insulation:
C Charging Alternator High temperature Class F Insulation In stator and rotor.
0 Cooling Systems-Radiator,

Heat Exchanger, Ebullient
C Exhaust Fittings Parallel Operation:
0 Expansion Tank Cross current compensation stand.,rd.
D Glow Plugs
0 Mufflers
D Precleaner Coupling:
C Starting Systems-Air, Hydraulic, Close-coupled, steel disc type.

30-32 Volt Electric
] Tachometer Voltage Level:
[ Wall-Mounted Control Panel
C Watercooled Exhaust Manifolds Terminal voltage adjustable within ±5% of rated voltage (ex-

0 cept 50 Hz 230-460 V, which Is adjustable within +10% to

0] Voltage Droop:0- Adjustalble for proper division of reactive KVA when operating
C3 In parallel with other alternators.

C
[] Voltage Gain:

Adjustable to compensate for engine speed variation when
operating with a speed droop governor.

Additional attachments are available. Consult
your Caterpillar representative for specific

requirements..
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RATINGS: ALTITUDE AND TEMPERATURE
Prime Power -For continuous ser- CAPABILITIES
vice with normally varying loads. 60 H2 50 Hz

Maximum Power-Horsepower capa-120RM00RP
biity which can be demonstrated 3000 ft, and 80*F 500 ft. and 85*Ft
within 5% at the factory. (900m) (27'C) (150m) (29C0)

Between Operating Capability and 7000 ft. (2100m)
STANDRDS:and 60'F (16*C) derate
STANDRDS: 3% for each 1000 ft. (300m) and I% for each

107 (O'C)
Ratings based on SAE standard con- t6% for each 1000 ft. (300m) and 2% for each
ditions of 29.38 In. (748 mm) of mer- 10'F (G*C)

Above 7000 ft. and 60'F. consult your Caterpillar
cury and 857 (29*C). representativ.

*~~~~~T N .* ' 4  ~ ,P sR s"-

11 444

MAIL

1000 RPM

1 *** 2 :4 .
I . . I

=w Sf9 x 0.746 X generator efficfency. Fuel consumption appflies to standard electric set engine W/O Ian,
based on fuel oil having a grosa heat valve of 19,500 STU per pound
(tO.830Kcal/Kq) and weighing 7.12 pounds per U.S. gallon (855 gm/Itr).
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Installation Facts
60 Hz 50H1Z

FUEL SYSTEM T!O-dwri
Transfer pump____________

Iax. total auction head (lilt and line resistance) ft * n 12 *13.66 -12 * 3.66_
Cp(a8%off, ppm - 5.42 *c .351 4.52 -. 25

Sump Capacity (Refill) gal . lit 50 * 189.3 so 193

COOLING WATER SYSTEM
-Volume gal - lit

Engine only 40- 151.4 40 .1.4
liuator for me&. ambient of 1251F. - 91'r. 28 - 106 26 * 106

Water pump Performance
*Jacket Water

C0atpec. 2 Head gpm - lit/SOC 290 * 18.3 210.*13,2
CIac ty f~72r H-ead apm - litistc 346-*21.8 284 * 17,11

Max. Allowabile Stti Hedf. m 57.7. 17.54 67.7 17.S4

apacity @ OfIt - m Head gpm - lit/soc 340-*21,5 T60 - 16.4
Man. Allowable Static Head ft - in 3o-9.12 30.-9.12i

Pressure________________________________
Maximum System Pressure psi ',/cms_

Water jacket 2S5.1.8 2S 1.8
Aftercoolar 40-2.8 40.2.8
Radiator 7 .65 7 .,S

HEAT REJECTION
To Jacket Water (Inc;I. standard manifolds. A/C. and oil cooler)

btu/rnin * ki calMon 24500.*6170 20400 * S130

-Tepeature
Max. jacket water temperature 'F. . 'C. 210-*99 210-*99

Radiator data
Fan power HP . KW with 125*F. - 51*C, radiator 30-*21.0 17. S -127.3
A:r flow through 125"F. - 51*C. radiator cin . lit/sec 38200 * 18028 3 1500-- 4848-
Max1. allowable Staic Pressure S exihaySt side of!r..Oator

In* m ,0wih are adator*10F 38C ambient .5 * 12.7 .6 12.7

ENGINE ROOM VENTILATIONREQUIEM ENTS
Combustion Air requtrementii' *9.dn i/e 25 8 3 9
Heat radiated by engine btu/min * k cal/miri 1610-*405 15 70 6.-39
Heat dissipated by generator btu/min - k cal/mmn 14 78 * _3T2 13 65K_34
Ventiiaiion recommended for 15.1. - +9*C. rise

(engine and generator radiated heat only) cfm * it/secz 12150-*5720 11600-5 460

EXHAUST SYSTEM
Gas Volume elm .l~iso 3260 * 1540 2313 M NY92

~ -Gas Temperature i .. *c. (Stack) 963 .6Si 104Si64
Man. Permissible Back Pressure in -. mm HpO i0 - goo 20-*508

STARTING SYSTEM
Air system
Mini. air pressure required at motor psi *kg/cm' 190-*6.3390*63
Max. aI#, pressure allowed at motor pal . kg/cm' 150 . 10.55 1 T-0 O. 5

Electric dual motor system
Vlae32 32

Breakeway Current Anrrps4
* 'FP. . 21*C. 1100 110
p 40F. . 0 'C. 1660 1550

;ohn9 Current (Amps.)
*1 7F. -21*C. 440 440

V 40-F. . 04-C. 620 620
tUsing .6 inches *1.27 cm 1.D. Tubing. max. length 50 It *16.2 m

Material and specificatineS ubject to change without notice.

aupeweumo eeio a~ II Caterpillar. Cat end M are Trademarks of Caterpillar Tractor Co. p~mIN V.!



If the system dols not hive any auto extraction steam turbines, the
number enterea in column 3 or data card a is zero (0). Do not prepare data
cards 13, 14, 15, and 16. Turn to page 38.

If the system has more than one auto extraction steam turbine, the nurxner
entered in column 3 of data card 4 is more than one. Prepare one set of data
cards, numbers 13, 14, 15, and 16, for each turbine. Place each set of data
cards (numbers 13, 14, 15, and 16) after each other in the data deck.

EXAMPLE: Turbine 1 data cards 13, 14, 15, and 16
Turbine 2 data cards 13, 14, 15, and 16
Turbine 3 data cards 13, 14, 15 and 16

Refer to the diagrams, performance maps, steam chart, and the General
Electric publication for specific information. These are located on pages 24
thru 37.
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VARIABLE NAME
AND

ENTER IN CARD 13: SYMBOL ON CHARTS

Columns: 1 thru 12: the pressure of the throttle steam; PSIG. PAMBO
13 thru 24: the pressure of the extraction steam; PSIG. WCD
25 thru 36: the pressure of the exhausted steam; PSIG. WTD
37 thru 48: the temperature of the throttle steam; F. TAMBD
49 thru 60: the maximum generator output at a power EED

factor of 1.00; KW.
61 thru 72: the generator rated output; KW ED

Data card sample on page 88.

ENTER IN CARD 14:

Columns: 1 thru 12: a correction to the extraction factor. T3LIM
This will be 0.857 for a condensing turbine
and 0.902 for a non-condensing turbine.

13 thru 24: the enthalpy of the throttle steam. TPNCHD
25 thru 36: the enthalpy of the feed water to the boiler. TEXHD
37 thru 48: the efficiency of the boiler for the steam T3FRC

turbine (decimal form).
49 thru 60: the percentage of extracted steam to be EFFCTV

exported (decimal form). Accounts for steam
used in plant.

61 thru 72: the maximum throttle steam flow; LBS/HR. THROMAX

Data card sample on page 88.

ENTER IN CARD 15:

Columns: I thru 12: the maximum extraction flow; LBS/HR. EXPO
13 thru 24: the theoretical steam rate, from throttle T2D

to exhaust; LBS/KWH.
25 thru 36: the theoretical steam rate, from throttle T30

to extraction; LBS/KWH.
37 thru 48: the half load non-extraction throttle WC

flow factor.

Data card sample on page 89.

ENTER IN CARD 16:

Columns: I thru 12: the maximum exhaust flow; LBS/HR. STMD
13 thru 24: the minimum exhaust flow; LBS/HR. BLDWND
25 thru 36: the full load non-extraction efficiency UA

of the turbine (decimal form)

Data card sample on page 89.
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AUTO EXTRACTION 1UfHifI

EFFCTV Export Steam

Export Plant Steam

. . Export _.ea,

Extraction Steam Plaot Steam
WCO
E XPO

Tu ri ne Hefer to

/Ta) from GE Generator EED Performarnie
X) from GE " EO Map for

wC from GE Di../Ostinction
UA from GE

Exhausted Steam
wTO
STMD)
BLOWNO

NOTE 1:

Throttle Steam Oue to limiteo storane
PAKCIJ TPNCHn from steam tables, space in the program
TAmWO knowing PAPW* and TAVoW (caused by dimensio,,inq

so many variaole sym-

ools used in stea)
THROMAX turbine), computations

are duplicates of tr,ote

in com~xjstlon turbine
"r B n Biler section,, uut are ntc

Efficiency T3FRC representative of U&
same physical quaritities.

NOTE 2:
Input is used to aefirse
boundaries of steam tur-
bine performance maRp of
electrical output vs.
throttle steam. See
example.

Feedsater
TEXIO
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Extraction/Condensing Turbine 700 psig, 750OF Throttle Steam
30 psig Extraction Pressure 1.5 psig Exhaust (Contdenser) Pressure

120-
max throttle

100 W

(7,500, 86.085)

.0+

0

60 %ponB

40 40

20

0 3000 4000 5000 6000 7000 8000

Generator Output (MW
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INDUSTRIAL POWER SYSTEMS DATA BOOK IENERALO IELECTRIC .8113

Page 1

Performance of Steam Turbines F. 2.,,,

Efficiency data necessary for calculating the de- AUTOMATIC EXTRACTION TURBINES
tailed performance of condensing, noncondensing and SINGLE AUTOMATIC EXTRACTION CONDENSING
sngle.automatic-extracton steam turbines in the A convenient calculating procedure and method of
ratings most commonly used in industrial plants is preparing a performance chart for a condensing.
given in General Electric Turbine Handbook Section single-automatic extraction steam-turbine generator
4721. set will be outlined below. For the example, assume a

Average figures for the efficiency of different tur- unit rated 7500 kw-O.8 PT--937S kva-3 phase--60
bines and methods of making very rough approxima- cycles with steam conditions as follows:
tiona of turbine performance were given in IPS data Initial Steam ................... 600 psig-7S0 F
book sections .811 and .8111. These methods will be Extraction Pressure..................... So psig
useful in quickly eliminating the least attractive Exhaust Pressure^ ......... 2 inches HIg absolute
alternates for a particular application. Max. Extraction Flow ...... 1. 00,000 lb per hour

It is intended that the data included in this section All of the calculations needed to prepare the per.
will be useful for quick determination of turbine formance chart for this turbine are shown in the
performance within an accuracy of S percent or les. calculation procedure below. The various steps are
This should be adequate for all normal preliminary described in more detail in the text which follows the
application studies, condensed calculation procedure.

Calculation Procedure
For determining performance of single-automatic

extraction condensing steam turbines driving 60 cycle
generators.
CALCULATtONS

TSR- 7.09 lb per kwhr "-Theoretical Steam Rate,
from throttle to exhaust (Fig. 3)

TSR = 15.36 lb per kwhr-Theoretical Steam Rate,
from throttle to extraction (Fig. 3)
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51135 GEN ERALQ ELECTRIC INDUSTRIAL POWER SYSTEMS DATA BOOK
as. 2

Performance of Steam Turbines

EffiCiency 0. 715 (Fig. 4) M - Max. permissible throttle Rlow
A - Fufl load nonextraction throttle nlow 400.000 lb per hr (Fig. 8)

.TSR 1 x Rated Output How to Draw Performance Chat
70X50Efficiency Plot points A. B. and C. and draw the straight lines

- 071 -74,400 lb per hr indicated by Fig. 9 (the example is plotted on Fig.
Haflod.71Sacin hotl 10). Add the limits:

]3 HJ1 lad onexracion hrotle lowThe minimum slow to exhaust limits is a straight'
-A AX half load flow factor (Fig. 5) line passing through the point on each line of constant
- 74.400X0.570 - 42,400 lb per hr extraction flow where the throttle flow is eqWia to the

TSR1  7.09 ........-0.461 extraction flow plus the minimum exhaust flow (S).
TS~ 15.36...................The maximum flow to exhaust limit is a straight

E - Extraction factor ...........- 0.6M (Fig. 6) line passing through the point on each line of constant
F.- Max. required extraction flow - .extraction flow where the throttle flow is equal to the

100,000 lb per hr (assumed for example) extraction flow plus the full load nonextraction throttle
C- Full load throttle flow at max. required extrac- flow (A).

tion flow usA+(EXF) - 74,400+(0.60SX The maximum throttle flow limit may be chosen
100,000) - 134,900 lb per hr at any value not in excess of the maximum permissible

S -Min. flow to exhaust - 4200, or nearest 500 lb - throttle flow (NI), nor in eXCess Of a flow equal to 3
4000 lb per hr (Fig. 7) times the full load rionextraction Rlow (3XA). It is

EXHAUST PRESSURE

0( SAT'URATE STEAM____

05 24,00 Go6 00 600 00 1200 1400

STR THROTTLE PRESSURE, I N PS5I1G

OASM-LINE ILLUSTRATION4/AN
S FOR THE. FOLLOWING CONDITIONS 5/4 LOAD

370 PSG75O0FTT2*M ASS 3/

2000K9W RATING

NISI HERE - APPROXIMATE STEAM RATE, IN LBIS PER KW HR -

1EAM RATEs 10.1 LOS PER KW MR
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INDUSTRIAL POWER SYSTEMS DATA BOOK GIHERAL,0ELECTRIC .8113
• Page 3

Performance of Steam Turbines Fe 3li Feb. 2, 19S2

usually taken as approximately equal to the full load comprehensive set of Theoretical Steam Rate Tables
throttle-flow at maximum required extraction (C). such as those by Keenan & Keyes, published by the

ASME in 1938 and reproduced in General Electric
Theorefical Steam Rates Handbook Section 4707.

The theoretical steam rates tabulated in Fig. 3 are Care should be used in determining the theoretical
based on representative initial steam conditions- steam rates; they are factors that influence greatly
Inasmuch as each column is headed by both an the result.
initial pressurs and an initial temperature, this con-
densed table is not well suited to interpolations. Efficiency

Where steam conditions are other than those shown An approximation of the full-load efficiency with
in this table, the theoretical steam rates may be no extraction for single-automatic extraction con.
derived from a Mollier chart, or read directly from a densing turbines is given in Fig. 4. The efficiencies

Iitall Pe.sger---. Par Sq In. Gole.

130 1200 1 250 1230 1400 400 1500 1600 1 6W 6W 50 1650~ 630 11200 11200 12400

I. "1 40 no 6" o ieoe Iso o0 " 730 o 82S 0 99,ooI"a 954 9sa H

84j j2Jsa 6J 1104 1S.# JOI.9 2" Z13.297.71J2J.7 l L? Z. 181. 2 28

I __.16.2_______0____7__ - - I -il I -I 1 :8

O.5 9 7.92 7.77 7.32 7.OA 6 A.0 6.333 6.672 6.254 3.966 3162 5.611 $.451 $.$19 2S6 I 5.266 9.S
1.0 9.09 1$6 4.35 7.65 7.5 6.1 1 6.727 7.31 6.633 6-140 4.190 5.917 5747 .107 5.623 5.525 1.0is 99 .67 6.75 6.22 7.4 7.14 6.99 7.60 6.68 6.378 6.410 6.12 X.944 $.8999 5.61 5) 35 .S

2A 9.90 9.52 907 1.52 1.09 7.27 7.0 7.13 7.09 6.764 6.582 6,214 6.097 6.145 5.956 3.826 2.0
032 961 9.35 AJ76 31 7.35 7.36 6.02 7.26 6.923 6.726 6.419 6.222 &.274 6.076 5.933 2.13.0 10.62 9.67 99 , 8.98 l.53 7.71 7.33 6.19 7.40 7.05 6.649 6.32 6-222 6.360 6179 .023 2.0

2.5 10.69 10 tO 9.60 9.11 8.67 7.S 61.34 7.33 7.17 6.961 6636 4.421 6.47'4 6249 6.O02 2.6
40 11.14 1031 1000 9.36 2 I 7.99 U $.4 7. 7.26 7.06 &.726 4.320 4.360 &.50 6.175 4.0
4.1 11.27 10.51 10.16 9,32 $,9s .11 7.91 6.60 7.76 7.39 7.15 6.111 ".600 &.633 6.423 6.240 4.1

S 11.5 10)10 lOS 966 910 23 1 6.72 7.66 7.46, 7.24 6.96 4.676 •.709 &.493 6.300 s137 219 11)2 10.91 1013 9.11 . 9.62 1.6 820 7.11 7.49 7.24 7.2 7.1 6.750 10
I 14 13.4 12.74 11.4 10,4 9.76 9.42 10.26 9.19 6.71 8.34 7.91 7A4 7.63 77 7.06 IS

". 1 1433 13.63 12.63 11.52 10.30 9.92 10.O7 9.64 9.13 s1 1.25 7.97 7.95 7.67 7.31 30
.17.1 Is156 14.42 13.35 12.09 10.77 10.,3 11.29 10.04 9.49 9.03 6.52 .25 6.21- 7.912 7.J2 2

Lb/Sq Lb'SqIi. O0.ge i- 0

6 1621 1607 15.16 14.01 12.59 11.20 10)4 11.71 10.40 9.82 9.31 O1 8.50 8.44 6.14 7.70 6
1 032 17,0 1656 15.25 1353 11.99 11.44 12.49 11.05 10.42 9.63 9.26 6.94 6.86 4.3 8.02 S

1 22.44 19.27 I 17.90 1 .44 I4 .A 1272 12.10 13.20 tI.A4 10.96 10 29 9.71 9.34 9.23 6.67 6.30 1o

is 24.35 )).$1 19.16 17.36 15.24 13.32 12.61 13.65 12.16 11.45 1071 10.0 9.69 9.56 9.11 1.5 is
20 2669 222 224S 19.65 1602 14.02 13.24 14.46 12.65 11.90 11.10 10.43 10.02 9.66 9.6 5.77 20
i.6I s 2A 23.96 2171 19.74 16JI 14.4 13.7 15.04 13.16 12.33 11.46 10.76 10.13 I. 9.73 8.96 23

30 11.3 2542 2294 20.61 17.52 15J3 I.29 15.60 2.62 12.75 1160 11.07 10.62 10."0 9.96 9.16 30
35 32. 6 703 24 20 21.91 11.25 15.12 1479 16.16 14.07 I$ Is 12.12 11.37 10.90 10.66 10.22 9.36 3S
40 26. 7670 25.46 23.03 18.96 16.41 1.2V 16.70 14.3t 1334 12.45 1 .6 11.17 10.90 10.&4 9_54 40

45 392 305 2662 2417 19.69 16.98 15.76 17.23 14.94 1.93 12777 11.94 11.43 I1.I 10." 9.71 45
42.4 32. i 26.20 23.33 20.42 17.57 16.26 176 1.36 14.31 13.07 12.21 11.69 11.37 10.66 9.67 63

60 49.4 36.2 31.1 217) 21.$ 1.75 1 1.20 1.7 16.19 1$.03 13.66 12.4 12.19 to.60 11.29 10.17 60
70 7.9 '0 21 I 0.4 2333 1?.%6 1 9.19.60 17.00 1579 14.22 13.23 12.66 12.22 11.6 0.45 74

66. 43.5 37.3 3 .3 24.66 21.21 19.12 20.1 17.61 16.4 147 13.76 13.17 12.63 12.03 10)3 go

90 51.3 41.2 W6.5 26.44 22.51 20.11 21.4 16.62 17.29 13.32 14.27 135 1302 1.41 t0.9 1 0
100 51.1 4.3 40.0 26.06 23.6 21.1 1 22.66 19.4 16.03 13.6 14-77 14.1I 13.40 12. 1114 t00

22 25.11 2l1.6 20.02 17.22 16.03 1.34 14.2" 13.66 11.62 12S
,so 67,9 37.3 31.9 26)5 26.32 22.63 1.11 16.60 17.31 16.37 15.24 14.52 12.39 $I1
172 31.4 26.27 24.42 20.02 16.64 17.54 16.16 IS.4 13.95 112

0 $1.1 4.5 33.9 34.7 2.9 261.914 '1.52 20.03 19.17 17.09 16.33 13.4 3020 62. 43.5 42.4 35.3 32.9 34.7 12.04 22,0 19.03 1.13 14.4 21S0
00 S 52.4 43.6 606 2649 26.$I 25.36 21.06 20.10 1561 30

220 6.1 3$.0 51.2 37.8 30.5 29.23 23.22 22.21 16.2 3300 6 6.0 260 214 31.9 1s74 242 5 172? 6047 444 41.4 39.6 2.42 27.0? I 1.1 412

we .52.6 49.0 47.0 31.5 2.99 19.11 10
83@ 63.4 59.0 5S.5 250 223 30.28 6a$
:oo I01 390 37. 1 21.6 7 60
50 43.6i 41.6 22.55 10

From -Theoretical Steam Rate Table" by Keenan and Keyes published in 1938 by ASME.

Fig. 3. Conde.sed l.6l1 t of ?.tt.lic Stieoo Rot**
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Ia to/$ ,, G . taken from this table are in the proper magnitude
350 20 600but may be higher or lower than the actual per-Umo'i" ISO j J3 0 600 j 5O formance guarantees for a specific turbine. If. for

________- - - - example, a turbine were designed to favor performance
_______ - -- - - -at high extraction flows, it is probable that the

2000 .69 Ali .660 .h73 I .643 performance guarantees for such a turbine at full load
1SO .70 .*9 .69 Al :yj S with no extraction would be somewhat poorer than
331 .,13 .70 .705 -700 .690 .ASO the efficiencies estimated in Fig. 4. In most cases, re-
400 .7.0 .7 13 .70 _70i .700 .685 gardless of design, the error for efficiencies read from3000 .73.1 .720 $7 .710 3005 .695 Al1 this table will be less than 5 percent.
'200 .735 .730 .725 .720 9715 .705 A957530 .740 .73S .730 1.721 .72" .713 YO0 Half-load Flow-facto,

The halt-load flow-factorst (Fig. S) are approxiima-
ig. 4. 0 01..Wi si..wii..rO....o, - tions that assume that the throttle flow versus output

*,,*,,,M* ex..0 soon IW. curve at no extraction will be a straight line. The table
assumes, too, that all turbines of the sarr. rating,

204" . It'- tregardless of design, will have the same half-load
*@ 0.4 1" o flow to -full-load flow relationship. Obviously this

20001relationship is not a constant one, but the error
300

200

6000 0.170

ago

0

OL 40

02 -ERS -0 -OE - I V 50

014~

*at -. No -ta -wbie rig -. -w n-t .2o oveet m-

I30
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-0 The extraction factor is the portion of a pound of
IA steam which must be added to the throttle flow for

-. ~~~ -t4 ... L-- each pound of steam extracted. Its use is shown inkLI 4,the example.
SO00 . Max. Required Extraction Flow

The maximum required extraction flow -is part of
_____the given conditions for each application of an ex-

8 traction turbine. No problem is presented by this
E , flow when it is small, but sometimes the desired

1200 - extraction flow is beyond the turbine's capacity.
In such a case the maximum throttle flow limit line

0 (discussed under the heading "Max. throttle flow")
- - - will cut off the maximum extraction at the point

cp where full-load is developed with minimum steam
flow passing to the exhaust section.

9 goc-. - When selecting a flow for the maximum required
extraction flow, it will be found desirable to pick a

2 number easily divisible into smaller flows. This is
apparent on Fig. 10 where the 100,000 lb per hr flow

T I has been divided into flows of 20. 40, 60, 80. and
0 1 J 100,000 lb per hr for convenience in reading the

0 0000 2000 3000 4000 5000 600-0 700038000 ht
RATED OUTPVT Ift KAI

[Pot 1116"361

Fig.4S. Max nmwm throtle noaw yerwsu fted 60"~t. Estiwatt should
be lim~ied to those coming within the maximum,. throttle flows shown

on tis fow~r140MAX THRPOTTL FLO*

introduced by this assumption is not appreciable IZ
provided the performance chart is not extrapolated ow0
below one-*half load.

Extraction Factorso ETAOTIN

The ratio of theoretical steam rates (TSRI to JVi ,sOT OEPENOA&L1
TSR:) is an empirical Measure of the extraction 6

factor plotted in Fig. 6. This relationship, and the
assumption that all extraction charts are made up of o mail C!'EPRTOR

straight lines, parallel to each other and equally p~ERjT:P T
spaced, makes possible this estimating method. Such .20 coo LO
an assumption introduces an error which is more "01 4
than compensated for by the simplicity it makes 0,2500 00750010
possible in the estimating method. GENERAZOR OUTPUT. I r

~1Sue SIt' laft 114431

Fig. 10. Performance Ch"'t of Ibe ;r00.kw socnte satigle.

ouf.o.nttl 611tr.olta,, ste.... twu INeued 13. the .uaowpf.. Initial $#eamg
condition: 600 PSIO-730 F. Exhaut "reseet 2 lnshois Mg obee

_ _ _A witlh automatic ea tmite t as 0S P51

~ PL~Y OYPUTMinirrum Flow to Exhaust
ftor P04T a &. 0C-IT PO P_%1 C~o 111 ".OA a 1.0111 The chart of minimum flowv to exhaust is plotted
t,.C" Of A SftAC-.T LIN '40C .1 ''"AhE TOA4 I against extraction pressure with lines for different

.AE PI,9W

sli J csrP4 dg~4.- turbine ratings in Fig. 7. It is not necessary to read
this chart more closely than the nearest 500 lb per hr.

The minimum steam flow to exhaust Must be
adequate to cool the exhaust stages of the turbine.

Fig. 9 gives the steps necessary to prepare the per-
_______________ _______________ formance chart up to the point where limits are added.

0 !10 C 0 is 5 io 9-C-0 The first limit usually added to such a chart is the
04& Lf r OWAT 17ACO1 am i.u'LMIS limit of minimum Rlow to exhaust, sometimes called

V a& Oftft, LEL T &Ithe limit of maximum extraction inasmuch as it
IP.! 11 164A01 acts to limit maximum extraction. To add this limit

F.g. Y. Step-by-step method of constructting po I.,unco thawl to the chart, two or three points should be plotted
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,n the lines of constant extraction flow where the throttle flow alone. Actually, performance under a
hrottle ftow is equal to the extraction flow plus the given condition will be better if the turbine is de.
minimum exhaust flow. Thus, on Fig. 10. with a signed for a flow no greater than that required to meet
niniemum exhat - flow of 4000 lb per hr, the point the particular condition than if the turbine is designed
,a the 100,000 lu per hr limit line will be at 104,000 for a fLow much greater than needed. If, for example.
b pea hr throttle flow and, if the 60,000 and 40,000 the performance of Fig. 10 had been estimated for
t per br extraction lines were extended, they would 150,000 lb per hr extraction flow, the estimated
.eet an extension of the minimum flow to exhaust throttle flow at 100.000 lb per hr extraction would
imit line at 64,000 lb per hr and 44,000 lb per hr, remain unchanged, on the basis of this method. In an
espectively. actual turbine,' performance would be better for a

When placing limits on an extraction chart, it is turbine designed and operating at 100,000 lb per hr
,elpful to recall that the flow through the high extraction, than for a turbine otherwise the same
Iresuae section is the throttle flow; and that flow except designed for 150,000 lb per hr but operating
o exhaust is equal to the throttle flow minus extrac- at 100,000 lb per hr extraction. Because of this, the
ion flow. maximum throttle flow .*:-.uld be selected at the

lowest value consistent with flexibility to meet present
Aaximum Flow to Exhaust and future needs.

The maximum flow to exhaust limit is added to the It is true that performance of the condensing ex-
hart in exactly the same manner as the minimum traction type of turbine is easily estimated; it is true
low to exhaust limit was added. In this estimating that performance of this type of turbine usually
nethod the assumption has been made that all tur- pleases both power plant operators and owners.
,ines will be designed with exhaust sections su- But care should be taken to have each purchase of
• ently large to enable the turbine to carry full rated these turbines approved by an engineer skilled in
,utput with the extraction pressure held constant their application. Only then can assurance be had
)ut no extraction taken from the turbine. This is the that these useful machines are making all the gain
asual practice with condensing extraction turbines, possible from each particular set of operating condi-
Jthough cases are occasionally encountered when it is tions.
)etter to make the exhaust section larger or smaller
han the general rule. SINGLE-AUTOMATIC EXTRACTION NONCONDENS.

In adding the maximum flow to exhaust limit, the ING
ines of constant extraction flow should be extended The Calculation Procedure for determining and
o the point where they are cut off by this limit or plotting the performance of single-automatic extrac-
)y the limit of generator output. Thus, on Fig. 10, tion noncondensing steam turbines is similar to that
he 20,000 lb per hr extraction flow line is cut by the for the single-automatic extraction condensing units.
imit at a throttle flow of 94,400 lb per hr (20,000 lb The various steps will not be covered in detail as
icr hr plus point A), but the 6 ,000 lb per hr extraction was done in the previous example but a step-by-step
ine is cut off by the limit of generator output, 9375 calculation procedure for a specific turbine will be
:w at 1.0 power factor. worked out below with reference being made to the

various curves which give the efficiency and other
Aaaimum Generator Output factors necessary.

The usual turbine-generator set has an 0.80 power For the example, assume a unit rated 7500 kw-
actor generator, and a turbine capable of carrying 0.8 PF-9375 kva-3 phase-60 cycles with steamull k-va on the generator at 1.0 power factor. This is conditions as follows:
ndicated as 125 per cent capacity on Fig. 9 and as Initial Steam ................... 600 psig-750 F
)375 kw at 1.0 power factor on Fig. 10. Extraction Pressure .................... IS0 psig

Exhaust Pressure ....................... 40 psig
Vaximurn Throttle Flow Max. Extraction Flow .... 200,000 lb per hr

The maximum throttle flow from Fig. 8 is not a
rue limit in the sense that turbines of the ratings Calculation Procedure
,hown could not be built for higher steam flows. For determining performance of single-automatic
Rather it is intended as a warning that such a turbine
mould be of special design. So also is the limit im- .43 ,.. 0 600 60 SS•

>osed by a throttle flow equal to three times the full- ":"9 1. K. ISo M) __ 0 30' W ISO
oad nonextraction flow (i.e . Both of these
naximum throttle flow limits are' xceeded by many ,
actual extraction turbines, but performance of such 2oo .700 AO Ass A73 A 30
nachines is outside the range of this method. When o 70 705 .69 .690 .67s .620
application of turbines outside these limits is in. .70 .70 690 .5

330 .7s .SOlicated, a manufacturer's turbine specialist or an Am ;30 7s - o .IS0
application engineer familiar with detailed turbine 5200 735 J3s .7)0 .723 715 j9 .,05

>erformance should prepare even the most preliminary 60o Y0 1 .73) no .72.1 To$ .65
)f estimates. ?300 . 7, ,74o0 .7)7 *130 71 700

This estimating method does not include any pi,. 11. PVI.hd on-ex-fred,'en 0/1ciCsq ef emOeend.,m".s|

:hange in performance for differences in the maximum ogale.-eorel eut'eelien stam Iurblne,
-32-
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noncondensing steam turbine driving 60-cycle gener'- a,. .

ators. sot 0. aco

CALCULATIONS

TSR, 14-51 lb per kwvhr -Theoretical Steam Rate3 3

from throttle to exhaust (Fig. 3) *.=l
TSR: - 23.83 lb per kwhr as Theoretical Steam Rate. 3000o

from throttle to extraction (Fig. 3) 'G=0
Efficiency 0.715 (Fig. 11) 7____________ ____________

A - Full-load nortextraction throttle flow-

TSR, X Rated Output MD 12. "aflo 11 fatr o om n

- Efficiency
14.51 X 750015,0lbprh

B as Half-load nonextraction throttle flow-
-A Xhalf-load flow factor (Fig. 12) - -9-0

- 152,300 X0.62 -94,500 lb per hr

TSR, 45 .2...................... -0.61 *" -- - -

*E-Extraction factor . .....- 0.45 (Fig. 13)
F - Max. required extraction f! ow. . - 0.70 - ---

200,000 lb per hr (assumed for example)
* -r Full-load throttle flow at mnax. required extrac-

tion flow-A+(EXF)- UN -(-o-a

152,300+(o.4SX200,000)-242,300 lb per hr
S - Mini. flow to exhaust - 6600, or nearest 500 lb - a

6500 lb per hr (Fig. 7) uo-so - -- --

M - Max. permissible throttle flow -
400,000 1b per hr (Fig. 8) 1

0 0640

How to Draw Performance Chart -

Plot points A. B, and C, and draw straight lines
indicated by Fig. 9. Complete the performance chart
similar to Fig. 10. as described in the Calculation
Procedure for a single-automatic extraction unit.

DOUBLE-AUTOMATIC, EXTRACTION CONDENSING

Calculations required to obtain a complete per- 0.z .....................
formance chart for a Double-automatic, Extraction
Condensing steam turbine have also been reduced to
a method that involves only a few steps of simple -
arithmetic. Although a completed performance chart TZ~ SR/s 2
may look rather complex at first glance, it is very IlI 114121
easy to plot and very easy to use. Fig 13 Exrcto fato vw rl* of Thoeia Steam ssf

To illustrate how easily a complete performance iseicn.dernsi ing I-wlemeic seatfion steam 1wiises
chart can be prepared, a step-by-step calculation
procedure for a specific steam turbine will be worked Calculation Procedure
out below with reference being made to the various
curves with the efficiency aknd other factors necessary. For determining performance of double-automatic

For the example, assume a unit rated 7500 kw-0.8 extraction condensing steam turbines driving 60-cycle
PF-9375 kva-3 phase--60 cycles with steam condi- generators.
tions as follows:

Max. CAtCULATIONS
Pressure Required Flow TSR1  7.09 lb per kwvhr as Theoretical Steam Rate.

Initial Steam 600 psig 750 F from '-throttle to exhaust (Fig. 3)
High Pressure TSR. - 23.83 lb per hwhr -Theoretical Steam Rate.

Extraction 150 psig 150,000 lb per hr from throttle to high-pressure extraction (Fig. 3)
Low Pressure TSR 3 -= 14.51 lb per kwr- Theoretical Steam Rate.

Extraction 40 psig 125,000 lb per hr from throttle to low-pressure extraction (Fig. 3)
Exhaust 2 inches H& absolute -33 Efficiency - 0.69 (Fig. 14)
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Mali. p,,e L., vsk. a A - Full-load nonextraction throttle flow

'~0 ~ 2 20 400J 40 J ie TSRl X Rated Output

I Ifftl-41,7.09 X 7500
2000 A645 A"4 .A3$ .4SO .0 .AZ$ 0.69 -77.100 lb per hr
15W A?$5 A70 .445 A" 45 .0 - .6g 
3000 A41 ASO0 A473 A?* A45 ASO0 B - Halft-load nonextraction throttle flow
3300 A . 9. 3 ADO .673 A40 .0 A AX half-load flow factor (Fig. 15) -
4000 .495 .490 .683 .455 A75 435 77, 100XO0.59 - 45,500 lb per hrsow .703 .00 A40* A"9 ASS .475 .65

6000 .71 .703 706 gOO A". 660 A75 TSRI 7.09........-29750 15 710 10 .0 TSR: -23.83...............0.9
_____ -71 .7 - .71 - .70 - .70 -" A" - - High-pressure extraction factor -

Fig. 14. Full-liewd 0011-OunW GO 00"0irnd.. ltW rned..,l" dw"bk. 0.77 (Fig. 16)
oulnm.U. .M~oU.Un.Ivl TSR1  7.090.8

________________TSR, 14.5..................... 8
In . Fele E1 .,- Low-pressure extraction factor -
2= 0.56 (Fig. 16)

30001 Fli Max. required high-pressure extraction flow -w
2500 CAN. 150.000 lb per hr

30001FL, - Max. requir-ed low-pressure extraction flow -
33001125.000 lb per hr

5000 C - Full-load throttle flow at max. required low-
6000 I 05 pressure extraction flow, but zero high-pressure

730 09 extraction flow
-A +CEXF,,) - 77,100+(0.56X 12S.000)-

Fig. is. Walt-lootoo-s p~elefo coe .. i..,.., duevl-..g.emolg fowa 147,100 lb per hr
*mntlaie uteam luubiaeD-sullodtroteflwa max. required high-

pressure extraction flow, but zero low-pressure
100 -- - extraction flow

-A +(EjpXF~p) - 77,100 +(0.77X 150,000)-
192.600 lb per hr

o.0 - - - SN Min. flow to 'intermediate section (Read
from Fig. 17 at H.P. extraction pressure)-

6500 lb per hr
&s - - S,.. -Min. flow to exhaust (Read from Fig. 17 at

- - L.P extraction pressure) - 4000 lb per hr
M - Max permissible' throttle flow (Fig. 8).

alo ± 4" PRISSM Now to Draw Performance Chart 40,0lbprh

9CxTcta Plot points A, B, C, and D, and draw the straight
'B - lines indica ted by Fig. 18. (The example is plotted on

.0- gpFig. 19.)
06 Prepare a table of limits:

T 1 Limiting Flow, in
I I Lb per Hr

a~~o oe 1ig~ ~ Scino Maximum Minimum
*PTNA~lOWTurbine _____I_____ _____

0. So
High Pressure (Note 1) -231,300 0
Intermediate

Pressure_____ _______ __147,100__ I~j ________

CLOLow pressure A -77100 8,., -4000

0.10 Note 1. Take the least of the following for max.
~I high-pressure section flow:

a 0 M - 400.000 lb per hr
0SR 0T560 a""aan R 0 3XA-3'X77,l0O=231,300 lb per hr -Use

I/TSRZ* TS*/TSA3D + (E,, rX F,.,.) = 192,600 + (0.56 X 125.000)
Iftet I 114141262.600 lb per hr

pit. 14. 11.,.elion let., verswe ratio of Thore.ieol $loom. Ntes ter
... d.ia dovbh~leuti euS,.,ln %loom. turbtines Note that the examiple problem includes the mini-
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mum data needed to prepare a performance chart. catch a gross error. Not so in this method. All of the
These minimum conditions are: the rated output, the short-cuts have been taken-any check calculation
steam conditions, and the desired maximum extrac- would be long and cumbersome-o, even though this
tion flows, method takes less than ten minutes of simple arithme.

It is usually easier to complete the arithmetic of tic, take the time to recheck each figure. The slight
the catculation procedure before starting to plot the additional effort is more than repaid by the confidence
performance chart than to mix the two operations, that can be put in the result.

This first point, the full-load nonextraction flow,
designated as "A," is the basic point used as a pivot Plotting the Performance Chart
for determining the other points. An error made in Fig. 18 shows the steps to take in plotting the data
determinig this point will reflect itself throughout derived in the calculation procedure, and Fig. 19
all remaining points. is the performance chart'that resulted from plotting

The fact that this basic point A, and the remaining the example problem. Do not be misled by the cam-
three points are so easily determined is the greatest plex appearance of these charts. They are nothing
disadvantage of this method. Most engineering calcu- but straight lines, equally spaced, and parallel to
lations are of such a complex nature that rule of each other. More time may be spent in choosing
thumb and other short-cut checks can be made to the scales than in drawing the chart.

Steps 1 and 2 are simple enough, but Step 3 seems
unusual. It isn't, however, and no error will be intro-

. .- T duced by choosing a slope for the reference line other
than 45 degrees..The throttle flow axis can be located
at any point, too, but for simplicity it is usually
moved enough to the left to prevent overlapping of

_ the high-pressure and low-pressure portions of the
performance chart.

Step 4 consists simply in plotting throttle-flow D
at a point directly above the reference line correspond-
ing to full-load with no low-pressure extraction, or,
in other words, point A. Then a line is drawn
through point D, parallel to the reference line.

Except for limits, the chart is completed in Step 5
by drawing lines of constant extraction flow equally
spaced and parallel between zero extraction and the
maximum. Figure 19, for example, shows low-pressure

U constant extraction flow lines of 2S,000. 50,000.
75,000 and 100,000 lb per hr drawn between 0 and
125,000 lb per hr extraction. And high-pressure con-03 I'stant extraction flow lines of 50.000 and 100,000 lb

8 per hr drawn between 0 and 150,000 lb per hr extrac-
a tion. These lines are simply for con'venience in reading

the chart. Their position may be fixed by using divid-
' ers, or by a couple of triangles and simple geometry,

or by calculation. L(5_4jjokatio ccprfcen'edjnmsAjjj -
be remembered that each line of constant extraction

o flow is separated from its neighbor by a distance equal
to the extraction flow difference times the extraction

3 factor. Thus, in the case of Fig. 19. each of the lines
of high pressure extraction flow are separated by a

2distance equal to 50,000 x 0.77 or 38,500 lb per hr
z and the low pressure lines by a distance equal to
22 25,000 x 0.56 or 14,000 lb per hr.

RE AO THIS CHART TO THE
NEAREST 500 LB PER HOUR Adding the Limits to the Chart

Rather than add all of the limits to the performance
chart, it will usually be found time saving to add
only a few of the limits and rely on the table of limits
for those not shown on the chart. The table of limits
derived, as shown in the calculation procedure, is

0 used b, reading any desired point from the extractioft
o so too SO 200 250 chart and then checking to see that the flow through

EXTRACTION PRESSURE IN PsG the turbine's high-pressure, intermediate, and low.
(p,., ,,, pressure sections are within the limits given in thePgs. 17. M,,.,... .-- e. ,.,,1.. .he.--;4u he h;gb ., I table. This is done by using the following simple

Fe*
5 t

e .v0emofti elxtv.ien epeetin vesus ontr*41Ien pmo.s..e formulae:
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Performance of Steam Turbines F.. ,

High-pressure section flow -throttle flow In each case, these flows are between the maximum

Intermediate section flow-throttle flow minus and minimum section flow limits shown by the table.
kgh-pressure extraction flow The limits given in the table can be plotted on the

Low.pressure section flow - throttle flow minus chart, but the resultant maze of lines may be more

,&h.pres5ure extraction Row minus low-pressure ex- confusing than helpful. Usually it suffices to draw on

action flow the chart the maximum throttle flow limit, and the

To show, by example, how this works, follow the maximum generator output limit.
ashed line on Fig. 19 which shows that:
At an output of 6000 kw with low-pressure extrac- Conclusion

an of 50,000 lb per hr and high-pressure extraction The short-cut methods described in this section
f 100.000 lb per hr the throttle flow is 170,000 lb give approximations within five per cent in the usual

er hr case, but do not show possible gains from any special
Thus, conditions of operation that exist in most industries.

High-pressure section flow - 170,000 lb per hr Manufacturers' turbine specialists or application
Intermediate section flow- 170.000 - 100,000- engineers familiar with turbine applications should

70,000 lb per hr be consulted early in studies involving these useful

Low-pressure section flow - turbines--they are experienced in taking into account
170,000-100,000-50,000-20,000 lb per hr the variables that affect the design of each machine.
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If the system does not have any back pressure steam turbines, the
number entered in column 4 of data card 4 is zero (0). Do not prepare data
cards 17 and 18. Turn to page 43.

If the system has more than one back pressure steam turbine, the number
entered in column 4 of data card 4 is more than one. Prepare one set of data
cards (numbers 17 and 18) for each turbine. Place each set of data cards
(numbers 17 and 18) after each other in the data deck.

EXAMPLE: Turbine 1 data cards 17 and 18

Turbine 2 data cards 17 and 18
Turbine 3 data cards 17 and 18

Refer to the diagram, steam chart and the General Electric publication for
specific information. These are located on pages 40 thru 42.
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VARIABLE NAME

AND SYMBOL

ENTER IN CARD 17: ON CHARTS

Columns: I thru 12: the rated power output at full load; KW. EED
13 thru 24: the steam rate or water rate at full load; QFD

LB/KWH.
25 thru 36: the power output at a partial load KW. EDP
37 thru 48: the steam rate or water rate at above partial QFP

load, (EDP); LB/KWH.
49 thru 60: the efficiency of boiler, decimal form. T3FRC
61 thru 72: the percentage of exhaust steam to be T3LIM

exported (decimal form). Accounts for steam
used in plant.

Data card sample on page 90.

ENTER IN CARD 18:

Columns: I thru 12: the enthalpy of tne throttle steam; BTU/LB. TPNCHD
13 thru 24: the pressure of the throttle steam; PSIG. PAMBO
25 thru 36: the temperature of the throttle steam; F. TAMBO
37 thru 48: the pressure of the exhaust steam; PSIG. WTD
49 thru 60: the temperature of the exhaust steam; F. STMD
61 thru 72: the entnalpy of the feed water to the TEXHD

boiler; BTU/LB.

Data card sample on page 90.
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BACK PRESSURE TUI~F-J

Q < P f 0. r. G EE UP

Plant Steam

Exhaut Stam tExport Steam
sTD

T3LIM Export SteamExport Pant ean

rhrottl Steam
PANIB TPNCHO from Steam tables,
TAO knowing PANIBO and TAMBO

Boiler
Efficiency T3FRC

TEXHD
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Performance of Steam Turbines
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Efficiency data necessary for calculating the de-
tailed performance of condensing. noncondensing and
single-automatic-eitraction steam turbines ini the
ratings most commonly used in industrial plants is
given in General Electric Turbine Handbook Section
4721.

Average figures for the efficiency of different tur.
bines and methods of making very rough approxirna-
tions of turbine performance were given in IPS data
book sections .811 and .8111. These methods will be
useful in quicddy eliminating the least attractive
alternates for a particular application.

It is intended that the data included in this section
will be useful for quick determination of turbine
performance within an accuracy jof 5 percent or less.
This should be adequate for all normal preliminary
application studies.

NONEXTRACTION TURBINES
The data plotted on Fig. 1 shows the steam con-

sumed by noncondensing steam turbines rated 2000
kw through 15,000 kw at various load conditions.

THROTTLE

400 P16 TSFTT8300,'

sTA~mERCoc 0 41060 w 000 120 1

I-At~l~t. go PUGZ
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ELECTRICAL LOAD ON A TYPICAL WORK DAY

Prepare one set of data cards 19, 20, and 21 for each month.

Place each set of data cards (numbers 19, 20, and 21) after each other in
the data deck.

EXAMPLE: January - data cards 19, 20, and 21
February - data cards 19, 20, and 21
March - data cards 19, 20, and 21

Contin preparing the cata cards until you have 12 sets (January thru
December)

Enter the value of the electrical load (KW) of each hour on a typical
work day.

ENTER IN CARD 19:
Columns: 1 thru 10: 0100

11 thru 20: 0200
21 thru 30: 0300
31 thru 40: 0400
41 thru 50: 0500
51 thru 60: 0600
61 thru 70: 0700
71 thru 80: 0800

ENTER IN CARD 20:
Columns: 1 thru 10: 0900

11 thru 20: 1000
21 thru 30: 1100
31 thru 40: 1200
41 thru 50: 1300
51 thru 60: 1400
61 thru 70: 1500
71 thru 80: 1600

ENTER IN CARD 21:

Columns: 1 thru 10: 1700

11 thru 20: 1800
21 thru 30: 1900
31 thru 40: 2000
41 thru 50: 2100
51 thru 60: 2200
61 thru 70: 2300
71 thru 80: 2400

Variable name: ELLD (IHR, Month, Nowork)

IHR = 1, 24; (Hours - 0100 thru 2400)
Month 1, 12; (January thru December)
Nowjrk 1; (Work day)

Data card samples on pAne.; 91 and 92.
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ELECTRICAL LOAD ON A TYPICAL NON-WORK DAY

Prepare one set of data cards 22, 23, and 24 for eacn month.

Place each set of data cards (numbers 22, 23, and 24) after each otner in
the data deck.

EXAMPLE: January - data caros 22, 23, and 24
February - data cards 22, 23, and 24
'March - data cards 22, 23, and 24

Continue preparing the data cards until you have 12 sets (January thru
Decemoer).

Enter the value of the electrical load (KW) of each hour on a typical
non-work day.

ENTER IN CARD 22:
Columns: I tnru 10: 0100

11 thru 20: 0200
21 thru 30: 0300
31 thru 40: 0400
41 thru 50: 0500
51 thru 60: 0600
61 thru 70: 0700
71 thru 80: 0800

ENTER IN CARD 23:
Columns: I thru 10: 0900

11 thru 20: 1000
21 thru 30: 1100
31 thru 40: 1200
41 thru 50: 1300
51 thru 60: 1400
61 thru 70: 1500
71 thru 80: 1600

ENTER IN CARD 24:
Columns: 1 thru 10: 1700

11 thru 20: 1800
21 thru 30: 1900
31 thru 40: 2000
41 thru 50: 2100
51 thru 60: 2200
61 thru 70: 2300
71 thru 80: 2400

Variable name: ELLD (IHR, Month, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
Month = 1, 12; (January thru December)
Nowork 2; (Non-work day)

Data card samples on pages 93 and 94.

-44-



STEAM LOAD ON A TYPICAL WORK DAY

Prepare one set of data cards 25, 26, and 27 for each month.

Place each set of data cards (numbers 25, 26, and 27) after each other in
the data deck.

EXAMPLE: January - data cards 25, 26, ano 27
February - data cards 25, 26, and 27
March - data caros 25, 26, ano 27

Continue preparing the data cards until you have 12 sets (January thru
Qecemoer).

Enter the value of the steam load (LB/HR) of each nour on a typical work
day.

ENTER IN CARD 25:
Columns: 1 thru 10: 0100

11 thru 20: 0200
21 thru 30: 0300
31 thru 4O: 0400
41 thru 50: 0500
51 thru 60: 0600
61 thru 70: 0700
71 thru 80: 0800

ENTER IN CARD 26:
Columns: 1 thru 10: 0900

11 thru 20: 1000
21 thru 30: 1100
31 thru 40: 1200
41 thru 50: 1300
51 thru 60: 1400
61 thru 70: 1500
71 thru 80: 1600

ENTER IN CARD 27:
Columns: I thru 10: 1700

11 thru 20: 1800
21 thru 30: 1900
31 thru 40: 2000
41 thru 50: 2100
51 thru 60: 2200
61 thru 70: 2300
71 thru 80: 2400

Variable Name: STMLD (IHR, Month, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
Month = 1, 12; (January thru December)

Nowork = 1; (Work day)

Data card samples on pages 95 and 96.

-45-



STEAM LOAD ON A TYPICAL NON-WORK DAY

Prepare one set of data cards 28, 29, and 30 for each month.

Place each set of data cards (numbers 28, 29, and 30) after each other in
the data deck.

EXAMPLE: January - data cards 28, 29, and 30
February - data cards 28, 29, and 30
March - data cards 28, 29, and 30

Continue preparing the data cards until you have 12 sets (January thru
December).

Enter the value of the steam load (LB/HR) of each hour on a typical
non-work day.

ENTER IN CARD 28:
Columns: I thru 10: 0100

11 thru 20: 0200
21 thru 30: 0300
31 thru 40: 0400
41 thru 50: 0500
51 thru 60: 0600
61 thru 70: 0700
71 thru 80: 0800

ENTER IN CARD 29:
Columns: 1 thru 10: 0900

11 thru 20: 1000
21 thru 30: 1100
31 thru 40: 1200
41 tnru 50: 1300
51 thru 60: 1400
61 thru 70: 1500
71 thru 80: 1600

ENTER IN CARD 30:
Columns: 1 thru 10: 1700

11 thru 20: 1800
21 thru 30: 1900
31 thru 40: 2000
4' 50: 2100
51 t . 2200
61 thru A. 2300
71 thru 80: 2400

Variable Name: STMLD (IHR, Month, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
Month = 1, 12; (January thru December)
Nowork = 1; (Non-work day)

Data card samples on pages 97 and 98.
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The rate structures of the utility companies vary as to geographic loca-
tion. Demand pricing is generally used by the eastern states. Time of day
pricing is generally used by the western states. Contact the utility company
to determine the rate structure applicable to this study.

Refer to pages 48 thru 52 for typical examples of rate structures for the
West and East coast.

VARIA8LE

ENTER IN CARD 31: NAME

Columns: I tnru 5: the month during which the summer rate SUMONI
begins (numeric form; ex: May = 5).

6 thru 10: the month during which the winter rate SUMON2
begins (numeric form; ex: November = 11).

This data is used in conjunction with the time of day rate scheduling.

They are "dummy" variables in the version of CELCAP with the demand rate
schedule.

Data card sample on page 99.

If the rate structure to be used is demand pricing:

Enter in data cards 32, 33, 34, and 35, columns 1 thru 24, 1.

Data card samples on pages 100 and 101.

TURN TO PAGE 57.

This is simply a "dummy" variable for the version of CELCAP with the

demand pricing rate schedule.

If the rate structure to be used is time of cay pricing: TURN TO PAGE 53.
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Newport Electric Corporation R.I.P.U.A. No. 302-E
Newport, Rhode Island Superseding R.I.P.U.A. No. 302-D

WHOLESALE POWER SERVICE

AVAILABILITY:

Service is available hereunder for any power purchases, but not for
resale, to any customer who will enter into a contract, satisfactory to
Company, to purchase all of its requirements of electric energy for power
purposes from the Company for a period of not less than five (5) years
provided Company has adequate generating and/or transmission facilities
available to serve such customers over and above the requirements of existing
customers. Service shall be supplied through a single point of delivery ana
one metered supply unless for the sole convenience of Company more than one
delivery point or one metered supply will be provided. Electric energy for
the lighting purposes of customer may also be purchased hereunder provided
customer supplies and maintains the necessary transformers thereafter.

CHARACTER OF SERVICE:

Service supplied hereunder shall be three phase, 60 cycle electric energy
at a nominal voltage of 23,000 volts, or higher.

RATE:

Demand Charge:

First 5,000 kw of billing demand or less per month - $16,650

All additional kw of billing demand - 2.30 per kw

Energy Charges:

First 340 hours use of billing demand per month - 3.070 per kwh

All additional kwh used per month - 2.799 per kwh

DETERMINATION OF BILLING DEMAND:

The billing demand in kilowatts for each month shall be the greater of
(a) the maximum demand adjusted for power factor each month, (b) 75% of the
maximum billing demand established by customer during any of the immeoiately
preceding eleven months, (c) 50% of the maximum billing demand established by
customer during the life of the contract, or (d) 5,000 kilowatts.
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Newport Electric Corporation R.I.P.U.A. No. 302-E
Newport, Rhode Island - 2 - (Continued)

POWER FACTOR ADJUSTMENT:

For billing demand purposes, when the power factor of customer as measured
hereunder is above 80% lagging and below 90% lagging no adjustment of the
maximum demand as measured in kilowatts for each billing month shall be
made. When the power factor of customer as measured hereunder shall in any
month fall below 80% lagging, then the demand measured hereunder shall be

adjusted by multiplying by 90% and dividing by the power factor expressed as
a percentage. When the power factor of customer as measured hereunder shall
be any month rise above 90% lagging, then the demand measured hereunder shall
be adjusted by multiplying by 90% and dividing by the power factor expressed
as a percentage. For the purposes of the faster adjustment, the power factor
shall in no event by considered as grater than unity.

MINIMUM CHARGE:

The monthly minimum charge for service hereunder shall be the demand charge

plus the energy charge for 170 hours use of the billing demand of such month,
subject to Fuel, Primary Metering and Transformer Ownership adjustments.

FUEL ADJUSTMENT CLAUSE:

All energy delivered hereunder, including the amount in the minimum
charge, shall be subjected to the provisions of the Company's Standard Fuel
Adjustment Clause.

PRIMARY METERING:

If the electric energy delivered to customer is measured at the line
voltage, not less than 23,000 volts, at which it is transmitted to the point
of delivery hereunder, there will be credited against the amount determined
under the preceding provisions two and one-half percent (2-1/2%) of the
demand charge and energy charge for such month.

TRANFORMER OWNERSHIP:

If customer utilizes electric energy at the line voltage, not less than
23,000 volts, at which it is transmitted to the point of delivery hereunder
or if customer provides all transformers which may be required to reduce the
line voltage to the level at which the electric energy is to be used by
customer, there will be credited against the amount determined unoer the
preceding provisions twelve cents ($0.12) for each kilowatt of billing demand
for such month.
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Newport Electric Corporation R.I.P.U.A. No. 302-E
Newport, Rhode Island - 3 - (Continued)

TERMS AND CONDITIONS:

(1) Service hereunder shall be subject to the Company's Terms and
Conditions in effect from time to time and not inconsistent with any
specific provisions of this rate schedule.

(2) The term "year" shall mean each twelve-month period beginning after
the date of the first delivery of electric energy to customer under
this rate schedule.

(3) The term "demand" shall mean customer's maximum average rate of

taking electric energy hereunder during any fifteen-minute period
during the billing month as measured by a standard kilowatt demano
meter.

(4) The customer's power factor shall be determined from the
registrations of suitable instruments, permanently installed, or by
periodic tests at the option of the Company.

PAYMENT OF BILLS:

Bills are rendered net and payment is due within ten oays from date bill
is rendered.

Approval Issued: November 1, 1977 Effective: November 1, 1977

-50-



SOUTHERN CALIFORNIA EDISON COMPANY ~CI .~CSir . 11F

2244 Walnut Grave Avenue l"J Cl lcshrN, 5VE

Raomead, California 91770
Csncrllrnif Revised Cal P U C. Sheet No. 51)20.E

Schedule No. TOU-8

GENERAL SERVICE - LARGE

APKUCAILITY

Applicabile to three-phase Ceneral service, inclusding lighting and power. supplied directly from, lines of transmeission
voltage. or seurre lor the Company's operating convenence service is supplied free& lines of udistribution, voltage

This schedule is applicale for all customers of record on August 23. l977. served on Schedule No. A-11 and
thereafter is applicable to all customers whose monthly maximumo demand exceeds 5.000 kW for any three months
during the preceding 12 months. Any' customner whouse monthly maximum, cleiand has fallen below 0.00 kW for 12
consecutive months may elect to take service ao any other applicable achelisle.

TERRITORY

Within the entire territory served. exrlusding Santa Catalina Island.

RATES eMe.

Customer Charge:..... .................................... ....... ....... ..... .. .... $1,075.00

Demand Charge (to be added to Cueome, Chem#):
All kW of on-peakt billing demand, per kW .................. ........ $S 5.05
Plus all 6,W of mid-peak billing demand, per ItW.......................... .. 0,65
Plus oll kaW of off-peak billing demand, per kW ....................... No Charge

Energy Charge (to be added to Deamd Charge):
All on-peak kWh. pee kWh ............... ._ .I................ ........ 0.530f
Plus all mid-peak kWh, per kWh ................. ........................ 0.38C
plus all Off-peak kWh, per kWh .............................................. 0.230e

Minimum Charge:
The monthly minimu~m charge shall be the sum of th* monthly Customer and Deamond
Charges. The monthly Demand Charge shall be not lest than the charge for 25%
of the maimum on-peak demand establithed during the preceding 11 months.

Daily time periods will be baoed en PaclKg Standard lime and are defined as follews:

On-peak, 12:00 noon to 6:00 p.m. summer weekdays except holidoyt

5:00 p.m. to 10:00 p.m. winter weekdays except holidays

Mid-peak; 800 am, to 12:00 noon and 6:00 p.m. to 10:00 p.m. summer week-
days except holidays

8.00 am, to 5:00 p~m. winter weekdays except holidays

Off-peak: All other hours.

Off.peak holidays are New Yearas Day, Woshington's Birthday.
memorial Day. independence Day, Labor Day. Veterans Day. Thanks-
gtving Day, and Christmas.

For initial implementation of this schedule by the Company, winter $hall consis
of tsa billing periods for the %la regularly scheduled monthly billings beginning with
the first regularly scheduled billing ending Ofter November 14, 1977, There-
after, regularly scheduled monthly billings shall include sixt summer billing periods
followed by six winter billing periods. in no event will winter include scheduled
billing periods ending alter May 31 of any year.

4T.as anne It -ihi, 14kv ItT. b. ,..-.it as C.1, F VC.tI

Advice Letter No. 47tt-E lt~wird A. Met-. Jr D)ite Filed 11)chler 27. 19"R

DTcto. ________. ___

Vitt, Prestlent - Ri'olutiwn Noi.
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SOUTHERN CALIFORNIA EDISON COMPANY 1,,'J Clf(CS,, - 1
224A Walnut Grove, Avn.@s
Rosemeod, Col-formic 91770

Cancelling Res nedl Cal P V II Sleet N, *o~o F

Schodule No. TOU4.

GENERNAL SERVICE - LARGE

fCr ned

SPICIA& CONDITIONS

I - V011og6: Service n .i lic satypiecd at one standard vrataic

2. Maximum Demand: Maximum dlena.alu shafl be estatal,h. for the daily on-peak. mid-peak. and off-peah
perioda The maximum demand for each period shall ftc the measured maximumn average kilowatt input in'lirated
or recorded by instruments tot be supplied by the Comepany. during aew IS-inate metered interval bug not lesn than
the diversified resistance welder load computed ini accordance witha the section designated Welder Service in Rule No. Z
W/here the demtand is intermient or subjct to vanleet ltactaations., a 5-minaite interval may be ueed.

3. Aillitig Demand: Separate billing dermand. foe the on-peak. mid peak, and off-peak daily time periods shalt
be established for each monthly billing period. The hilling dermand for each daily time period shall be the maxaiaum
demand for that daily time period occarang duaring the respectivt monthly billing period.

4. Vohogo Disesount, The chares before id,iinimeata wilt be redticed by 1% for serrace delivered and eere'
at a nonainal soltnee of 33 (R- adlia.nd by ^ lor service defitertal atad ,aaeteed at a nomanal %oltage of 66000111 co,,

S. Pawns, Factor Adjustment! Thre chares wall be adtastrd each month foe reactive deoad The charge.
will be bnceased by 20 cents per iasesr of maximaim reactive demand inponed on the Company in *senea of n76
of the maximum namber of kilowatts

The moaximum reactive demtand shall be the highest mes-red masmamr average kilolat dfelmoaeduidicated cc
recorded by metering to be supplied by the Company darang nay IS-miute metered interval jif the "mnth. The
kilosaca shall be determived to abe nearest anil. A slevice wall be installed on each Wsaea meter to prcevent reverue
operation of the meter.

6. Temporary Diaconinwanane of Servie~: Where the ue of energy is seasnaal or luteemitteut. so adjust-
ments will be made far a temporary disrontinunce of service Afny cvizamer peace to remainsing see-ice withng twelve
months aiter such nervie was discontinued wall be reqtuired to pay all charges wnhich would hae" bae biUed if
service hA vig ben insninued.

7. Ceiest: An initial threce-year facilities contract may be reqaired where applicant requiaesn new or added
serving capacity earding 2.000 IsVA.

3. Eneorgy Codf Adiahisie The eate" above art sukjtct to adjrautment as provideld foe in Pars G Of the
Prelamanary Statement The applicable energy coat adjusatment billing factor, aod fael collection balance adjustment
ballqaaacor sea fo~rth therean will be araplied toi all kWh billed ander this ichirdtie.

9. Tan Cinngo Aidjuemoesmil The ratea above are subject to adjnstment as provided for- is Part I of the
Prelimsinary Statemeat. the applicable tax change adlosaineat balling factors set 101r11 therein wall he applied to
k%I t tiled anal r this schedule

tO. Consser'vauion Load Momspgoe Lijowotoesf The eaten above are subject so adjastoment a- provide',
(oe in Paet ) if the Prelamiary Statement The applicable conscrnnaasn laoad manaugement adjustmnent billatg lactaoes
net forth thecrein wall be applied to kWh illed under thin schedule.

fr .as im ann O b t -1^1tfoed as (T. he immed b, C.t. 11U C.I
Adie Littler No. 17q F EdJward A %It-cm. Jr. 0I)tr [Ie 1 catmfrniir 27. 19P

DecaSlatr Nio 811' 1. 1 Ifect.ne January 1. 1979

TolitRe~ijlutoon No
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TIME OF DAY PRICING

The following data cards (numbers 32, 33, 34, and 35) are used to designate
when the charges for purchased electrical energy are being made at the peak
rate, the mid-peak rate, or at the off-peak rate.

Choose 0: if the demand is in an off-peak period.
Choose 1: if the demand is in a mid-peak period.
Choose 2: if the demand is at the peak period.

TYPICAL WORK DAY DURING THE SUMMER MONTHS

Enter your choice of the rate charges for the demand of each hour.

ENTER IN CARD 32:
Column: 1: 0100

2: 0200
3: 0300
4: 0400
5: 0500
6: 0600
7: 0700
8: 0800
9: 0900

10: 1000
11: 1100
12: 1200
13: 1300
14: 1400
15: 1500
16: 1600
17: 1700
18: 1800
19: 1900
20: 2000
21: 2100
22: 2200
23: 2300
24: 2400

Variable name: LRATE (IHR, KYRHLF, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
KYRHLF = 1; (Summer months)
Nowork = 1; (Work day)

Data card sample on page 102.
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TYPICAL WORK DAY DURING THE WINTER MONTHS

Enter your choice of the rate charges for the demand of each hour.

ENTER IN CARD 33:
Column: 1: 0100

2: 0200
3: 0300
4: 0400
5: 0500
6: 0600
7: 0700
8: 0800
9: 0900

10: 1000
11: 1100
12: 1200
13: 1300
14: 1400
15: 1500
16: 1600
17: 1700
18: 1800
19: 1900
20: 2000
21: 2100
22: 2200
23: 2300
24: 2400

Variable name: LRATE (IHR, KYRHLF, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
KYRHLF = 2; (Winter months)
Nowork = 1; (Work day)

Data card sample on page 102.
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TYPICAL NON-WORK OAY DURING THE SUMMER MONTHS

Enter your choice of the rate charges for the demand of each hour.

ENTER IN CARD 34:

Column: 1: 0100
2: 0200
3: 0300
4: 0400
5: 0500
6: 0600
7: 0700
8: 0800
9: 0900

10: 1000
11: 1100
12: 1200
13: 1300
14: 1400
15: 1500
16: 1600
17: 1700
18: 1800
19: 1900
20: 2000
21: 2100
22: 2200
23: 2300
24: 2400

Variable name: LRATE (IHR, KYRHLF, Nowork)

IHR = 1, 24; (Hours - 0100 thru 2400)
KYRHLF = 1; (Summer months)
Nowork = 2; (Non-work day)

Data card sample on page 103.
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TYPICAL NON-WORK DAY DURING THE AINTER MONTHS

Enter your choice of the rate charges for the aemand of each hour.

ENTER IN CARD 35:

Column: 1: 0100
2: 0200
3: 0300
4: 0400
5: 0500
6: 0600
7: 0700
8: 0800
9: 0900

10: 1000
11: 1100
12: 1200
13: 1300
14: 1400
15: 1500
16: 1600
17: 1700
18: 1800
19: 1900
20: 2000
21: 2100
22: 2200
23: 2300
24: 2400

Variable name: LRATE (IHR, KYRHLF, Nowork)
IHR = 1, 24; (Hours - 0100 thru 2400)
KYRHLF = 2; (Winter months)
Nowork = 2; (Non-work day)

Data card sample on page 103.
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ENTER IN CARD 36:

The number of oays per month.

Columns: 1 thru 6: January
7 thru 12: February

13 thru 18: March
19 thru 24: April
25 thru 30: May
31 thru 36: June
37 tnru 42: July
43 thru 48: August
49 tnru 54: September
55 thru 60: October
61 thru 66: November
67 thru 72: December

Variable name: PERMO (month)
Month = 1, 12; (January thru December)

Data card sample on page 104.

THE CURRENT PRICES OF FUEL, ELECTRICITY, OPERATING,

AND MAINTENANCE COSTS

VARIABLE

ENTER IN CARD 37: NAME

Columns: 1 thru 10: the fuel cost for the gas turbine; $/MBTU*. GTFLC
This will normally be a premium fuel;
either #2 fuel oil or natural gas.

11 thru 20: the fuel cost for the diesel engine, $/MBTU. DSLFLC
This will normally be a premium fuel,
either #2 fuel oil or natural gas.

21 thru 30: the fuel cost for the steam turbine, $/MBTU. STTFLC
31 thru 40: the fuel cost for the auxiliary fird BLRFLC

boiler, $/MBTU.

* NOTE: MBTU = million BTU.

Data card sample on page 105.
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For specific information relating to the operating and maintenance costs,

refer to the table and figures on pages 59 trru 65.

VARIABLE

ENTER IN CARD 38: NAME

Columns: 1 thru 10: the U&M cost for the gas turbine as GTPKCM
peaking unit; $/MWH*.

11 thru 20: the 0&M cost for tne gas turbine as a GTCGOM
cogenerating unit; $/MWH.

21 tnru 30: the 0&M cost for the diesel engine as a DSPKCJM
peaking unit; $/MWH.

31 tnru 40: the 0&M cost for the diesel engine as a DSCGOM
cogenerating unit; $/MWH.

41 thru 50: the G&M cost for the steam turbine as a STPKOM
peaking unit; $/MWH.

51 thru 60: the O&M cost for tne steam turbine as a STCGOM
cogenerating unit; $/MWH.

61 thru 70, the O&M cost for the auxiliary fired BLROM
boiler; $/KLB* steam.

71 thru 80: the O&M cost for the waste heat WASTOM
recovery boiler; $/KLB steam.

* NOTE: MWH = Megawatt hours.

KLB = Kilo pounds (1000 pounds).

Data card sample on page 106.

VARIABLE

ENTER IN CARD 39: NAME

Columns: 1 thru 10: the fixe O&M cost per montn for the gas GTOM
turoine; $/month.

11 thru 20: the fixed L&M cost per month for the DSOU
diesel engine; $/montr.

21 thru 30: the fixed O&M cust per month for the ST3M
steam turbine; $/month.

31 tnru 40: the fixed U&M cost per month for the BLFUM

auxiliary fired boiler; $/month.
41 tnru 50: the O&M cost per KLB* of steam generated THHSTM

by the high pressure boiler; $/KLB.

* NOTE: KLB = Kilo pounds (1000 pounds).

Data card sample on page 106.
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Table 1. Estimating Procedures for Operating and
Maintenance Costs for Cogeneration Systems

Potential Contributor to O&M Costs I Estimating Procedure or Figure

A. Steam Turbine Cogeneration Plants, Coal-Fired

Central Receiving and Handling 
Figure 11

a

Facilit-
Hauling, Receiving Facility - Figure 12

a

Generating Plant (if not co-

located)
Steam Generating Facility Figure 13a
Air Pollution Control System Figure 14a b
Electrical Generating Facility (2.5% x capital)/yr , where

Figure 7 shows capital
investment

Hauling of Waste to Temporary Figure 15a plus Figure 12
Storage (if required) a

Waste Disposal (annual cost, 10 miles from base : 6
knowing average tons per hour $135,000 (TPH/2.8)'- if
throughout year) TPH > 2.8; $135,000 if

TPH 2.8

50 miles from base a:.
$140,000 (TPH/2.2) if
TPH > 2.2; $140,000 if
TPH 2.2

B. Steam Turbine Cogeneration Plants, Oil- or Natural Gas-Fired

Steam Generating Facility $1.10/101 lb of steam c (for
natural gas or distillate
oil) c

$1.50/103 lb of steam (for

residual oil) b

Electrical Generating Facility (2.5% x capital)/yr , where
Figure 7 shows capital
investment

Air Pollution Control System (only Figure 14a

if designed to use high sulfur
fuel)

C. Combustion Turbine/Generator Sets With Exhaust Heat Boilers

Turbine/Generator Set 4.0 mils/kW-hrd for units
operating on "continuous"
duty, and for units 2 MWe
on peaking duty

7.0 mils/kW-hre for units > 2

MWe on peaking dutyf
Exhaust Heat Boiler $1.00/103 lb of steam

.continued
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Table 1. Continued

Potential Contributor to O&M Co sts Estimating Procedure or Figure

D. Diesel/Generator Sets With Exhaust Heat Boiler

Diesel/Generator Set 13 mils/kW-hrg f
Exhaust Heat Boiler $1.00/103 lb of steam f

NOTE: For conventional steam generating facilities, use the
appropriate parts of lists A and B above.

aReference 2.

bReference 1.

CBased on data from Long Beach Naval Shipyard and Sewell's Point

Naval Complex compiled by CEL.
dBased on correspondence with Garrett Airesearch and Pacific Gas

and Electric personnel. Includes costs for major overhauls.
eBased on data from San Diego Gas and Electric.

fCEL estimate.

gBased on Reference 3.

The fuel cost contribution to generated power is

FPC = (HR-F )(CF)(1/10 )

where FPC = fuel contribution to power costs, mils/kW-hr

CF = cost of fuel, S/million Btu

For power from the cogeneration system to be economically attractive to

the Navy, the fuel cost contribution must be sufficiently less than the

cost of purchased power to allow for capital recovery and O&M. For

the power to be economically attractive to a utility company, the fVt

cost contribution must compare favorably with costs they experience or

anticipate in their system.
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Figure II. Operating and maintenance costs for central receiving and
coal-handling facilities with stockpile.
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Figure 12. Operating and maintenance costs for short distance
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-63-



3000

TYPICAL MID- 1978 COSTS, all overhcad included

20 -Type of System: Double alkali Rlue gas desalfurization plus
2000 baghouse particulate removal. achieving

1. 2 lb S and 0. 1 lb flysash per 106 
Stu fucl--

input '

Assumptions: Plant operates at 40% excess air
Flyasis - 40% wt x(co~al ashi +4%

unburned carbon)/

Plant operates at 33% load factor

ii C

00

.00

200
a. 400

U01

100
00

0-
bahus &

30 &oslo _

-64



REFERENCES

I. Department of Energy, Office of Industrial Programs. Repcrt No. HCP/M

8688-01: Guidelines for developing state cogeneration policies; April
1979. Resource Planning Associates, Apr 1979. (Contract No.
EC-77-01-8688).

2. Civil Engineering Laboratory. Contract Report CR 79.012: Coal-fired
boilers at Navy bases, Navy energy guidance study phases II and III.
Bechtel National, Inc., May 1979. (Contract No. N68305-77-C-0003).

3. Bulletin 3382270 and other information from the Cummins Cogeneration
Company, Suite 1134 Empire State Bldg, New York, N.Y.

-65-

-- .~i



The rate structures of the utility companies vary as to geological
location.

Demand pricing is generally used by the eastern states and time of day
oricing is generally used by the western states. Contact the utility company
to determine the rate structure applicable to tnis study.

This version of the CELCAP program is set up for the demand pricing rate
structure. The instructions that follow for data cards 40 and 41 are for the
demand pricing rate structure only. If the area of study utilizes the time
of day rate structure, the program will have to be modified. A version of
the time of day rate structure program is available at the Civil Engineering
Laboratory (refer to page i). The instructions for data cards 40 and 41 for
the time of day rate structure are on page 70.

Refer to pages 67 thru 69 for a typical example of the demand rate
schedule from Newport Electric Corporation, Newport, RI.

VARIABLE

ENTER IN CARD 40: NAME

Columns: I thru 10: the customer charge per meter/per month, $. CHMTR
11 thru 20: the demano charge for the first 5000 KW* of DCHPK

the billing demand or less per month; $.
21 thru 30: the demand charge for all of the additional OCHOFF

KW of the billing demand, $/KW.
31 thru 40: the energy charge for the first 340 hours of ECHPK

use of the billing demand per month; cents/KWH*.
41 thru 50: the energy charge for all of the additional ECHOFF

KWH of use per month; cents/KWH*.
51 thru 60: the fuel adjustment charge; $/KWH. FLADW

* NOTE: KW = Kilowatt.

KWH = Kilowatt hours.

Data card sample on page 107

VARIABLE
ENTER IN CARD 41: NAME

Columns: 1 thru 10: the billing demand KW, it is 75% of the DtOPK
maximum billing demand established by
the customer during any of the immediately
preceding eleven months.

If the demand pricing rate structure is being used: TURN TO PAGE 73.

Data card sample on page 107.
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Newport Electric Corporation R.I.P.U.A. No. 302-E

Newport, Rhode Island Superseding R.I.P.U.A. No. 302-D

WHOLESALE POWER SERVICE

AVAILABILITY:

Service is available hereunder for any power purchases, but not for
resale, to any customer who will enter into a contract, satisfactory to
Company, to purchase all of its requirements of electric energy for power
purposes from the Company for a period of not less than five (5) years
provided Company has adequate generating and/or transmission facilities
available to serve such customers over and above the requirements of existing
customers. Service shall be supplied through a single point of delivery and
one metered supply unless for the sole convenience of Company more than one
delivery point or one metered supply will be provided. Electric energy for
the lighting purposes of customer may also be purchased hereunder provided
customer supplies and maintains the necessary transformers thereafter.

CHARACTER OF SERVICE:

Service supplied hereunder shall be three phase, 60 cycle electric energy
at a nominal voltage of 23,000 volts, or higher.

RATE:

Demand Charge:

First 5,000 Kw of billing demand or less per month - $16,650

All additional kw of billing demand - 2.30 per kw

Energy Charges:

First 340 hours use of billing demand per month - 3.070 per kwh

All additional kwh used per month - 2.799 per kwh

DETERMINATION OF BILLING DEMAND:

The billing demand in kilowatts for each month shall be the greater of

(a) the maximum demand adjusted for power factor each month, (b) 75% of the
maximum billing demand established by customer during any of the immediately
preceding eleven months, (c) 50% of the maximum billing demand established by
customer during the life of the contract, or (d) 5,000 kilowatts.
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Newport Electric Corporation R.I.P.U.A. No. 302-E

Newport, Rhode Island - 2 - (Continued)

POWER FACTOR ADJUSTMENT:

For billing demand purposes, when the power factor of customer as measured
hereunder is above 80% lagging and below 90% lagging no adjustment of the
maximum demand as measured in kilowatts for each billing month shall be made.
When the power factor of customer as measured hereunder shall in any month
fall below 80% lagging, then the demand measured hereunder shall be adjusted
by multiplying by 90% and dividing by the power factor expressed as a
percentage. When the power factor of customer as measured hereunder shall be
any month rise above 90% lagging, then the demand measured hereunder shall be
adjusted by multiplying by 90% and dividing by the power factor expressed as a
percentage. For the purposes of the faster adjustment, the power factor shall
in no event by considered as grater than unity.

MINIMUM CHARGE:

The monthly minimum charge for service hereunder shall be the demand charge
plus the energy charge for 170 hours use of the billing demand of such month,
subject to Fuel, Primary Metering and Transformer Ownership adjustments.

FUEL ADJUSTMENT CLAUSE:

All energy delivered hereunder, including tne amount in the minimum

charge, shall be subjected to the provisions of the Company's Standard Fuel
Adjustment Clause.

PRIMARY METERING:

If the electric energy delivered to customer is measured at the line

voltage, not less than 23,000 volts, at which it is transmitted to the point
of delivery nereunder, there will be credited against the amount determined
under the preceding provisions two and one-half percent (2-1/2%) of the demand
charge and energy charge for such month.

TRANFORMER OWNERSHIP:

If customer utilizes electric energy at th, 1i oltage, not less than 23,000
volts, at which it is transmitted to the , ',. o .2lvery hereunder or if
customer provides all transformers which may be required to reduce the line
voltage to the level at which the electric energy is to be used by customer,
there will be credited against the amount determined under the preceding
provisions twelve cents ($0.12) for each kilowatt of billing demand for such
month.
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Newport Electric Corporation R.I.P.U.A. No. 302-E
Newport, Rhode Island - 3 - (Continued)

TERMS AND CONDITIONS:

(1) Service hereunder shall be subject to the Company's Terms and
Conditions in effect from time to time and not inconsistent with any
specific provisions of this rate schedule.

(2) The term "year" shall mean each twelve-month period beginning after
the date of the first delivery of electric energy to customer under

this rate schedule.

(3) The term "demand" shall mean customer's maximum average rate of

taking electric energy hereunder during any fifteen-minute period
during the billing month as measured by a standard kilowatt demand
meter.

(4) The customer's power factor shall be determined from the

registrations of suitable instruments, permanently installeo, or by
periodic tests at tne option of the Company.

PAYMENT OF BILLS:

Bills are rendered net and payment is due within ten days from date bill
is rendered.

Approval Issued: November 1, 1977 Effective: November 1, 1977
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TIME OF DAY RATE STRUCTURE

Refer to pages 71 and 72 for a typical example of the time of day rate
schedule from the Soutnern California Edison Company, Rosemead, CA.

VARIABLE

ENTER IN CARD 40: NAME

Columns: I thru 10: the customer charge per meter/per month, $. CHMTR
11 thru 20: the demand charge of the on-peak KW; $/KW. DCHPK
21 thru 30: the demand charge of the mid-peak KW; $/KW. DCHMID
31 thru 40: the demand charge of the off-peak KW; S/KW. DCHOFF
41 thru 50: the energy charge of the on-peak KWH; $/KWH. ECHPK
51 thru 60: the energy charge of the mid-peak KWH; $/KWH. ECHMID
61 thru 70: the energy charge of the off-peak KWH; $/KWH. ECHOFF
71 thru 80: the fuel adjustment charge; $/KWH. FLAD

Data card sample on page 108.
VARIABLE

ENTER IN CARD 41: NAME

Columns: I thru 10: the on-peak demand; KW.* DMDPK
11 thru 20: the mid-peak demand; KW.** DMDMID
21 thru 30: the off-peak demand; KW.*** DMOFF

Assumptions for on-peak, mid-peak, and off-peak demand levels:

1. Five engines with the combined capacity of

515 + 500 + 7,500 + 5,000 = 18,565 KW. Firm
capacity (calculated assuming the two largest

engines are down) = 515 + 500 + 5,000 = 6,015 KW.

*2. Un-peak cemand = 20,000 KW - 6,015 KW = 13,985 KW.

(Based on load peak = 20,000 KW during on-peak hours.)

**3. Mid-peak demand = 17,000 KW - 6,015 KW = 10,985 KW.

(Based on load peak = 17,000 KW during mid-peak hours.)

***4. 0ff-peak demand = 15,000 KW - 6,015 KW = 8,985 KW.

(Based on load peak = 15,000 KW during off peak hours.)

Data card sample on page 108.
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SOUTHERN CALIFORNIA EDISON COMPANY Renwi Cl Is L.C. Slice" N.. 5147-E
2244 Walnut Grove Avenue
Rosemead, California 91770

Cancelling Revised Cal. P.UC. Shser Nit. 5020.E

Schedule No. TOU-8

GENERAL SERVICE - LARGE

APPLICAIL.ITY

Applicable to three-phane Central sevie, including lighting sod .ower. supplied directly freom flmes of trxamsios.
voltage. or whcre for the Company.s operating convenience service is supplied from line. of distribution voltage.

Thi~s schedule is applicable for all customers at record on August 23. 1977. served an Schsedule No. A-11 and
thecreafter as appicAble to i) casiomera whose monthly maximums demand exceed# 3.000 kW for any three mouith.
during the fevueding 12 mnonths. Any customer whose monthly maximum detnund has fallen below 4.500 kW foe 12
conseciutive months may elect to take service on aity ether applicuable schedule

TERRITORY

Within the entire ttrriseep served. excluding Santa Catalina Island.

RATES P.r M...e
P., O.t.,h

Cstomer Charge; ......... ................................................ ..... $1,075.00
Demasd Charge (to be added to Custoemer Chargeh;

All ksW of on-peak bilfing demand, pair kiW ............ ............ S$ 5.05
Plus aff kW of rmid-poak bifling demand, per kW..... ....................... 0.65
Five aff kW of off-pock billing demand, pee kW ........................... No Charge

line gy Charge (to be added to Demand Charge):
AflI on-peck kWh, per kWh.................................... .... ........ 0.5300
Plus alf mid-peak kWh. per kWh ............................ _ ..... -....... 0.380c
Pl us all off-peak kWh. pee kWh ............................-........... 0.230o

MlsIMIMam Charge:
The monthly minimum charge &hall be the sum of the monthly Customer and Demand
Charges. The monthly Demand Charge shall be not less than the charge for 25%
of the maximum on-peak demand established during the preceding 11 months.

Daily tire* peeled will be based asn Pacific Standard Time a, nd ore, defined as fllows:
On-~peak: 12100 noon to 6:00 p.m. summer weekdays except holidays

5t00 p.m. to 10:00 p.mv. winter weekdays except holidays
Mid-peak: 8:00 am, to 12:00 noon and 6:00 p.m. to 10;00 p.m. summer week-

days axcept hoslidays
8:00 am. to 500 p.m. winter weekdicays except holidays

Off-peak. All othetr hours.

Off-peak Isoidoys are New Year's Day. Washington's Birthday,
Memorial Day. Independence Day. Labor Clay. Veterans Day, Thanks.
giving Day. and Christmas.

For initial lenplermentatlon of this schedule by the Company, winter shall consist
of the billing periods for the six regularly scheduled monthly billings beginning with
the first regularly scheduled billing ending after November 14, 1977. There-.
afteir, regularly scheduled monthly billings shall include six summer billing period%
followed by six winter hilling petrioids. In no event will winter include scheduled
billing periods ending after May 31 of any year.

Adviscr Letter No. 47ff E Edward A. Myers. jr [),ito I led l)ctrml'r 2'. 19-9
Nxt

Dftsts.t No, 99711, 97R)I f7lr,~c liruat . 979

\'rpfrvirtt Ri- , I tin N i
Tele a_________



SOUtHERN CALIFORNIA EDISON COMPAN4Y Rc,,eej C.1 P.U.C Sltcct No. 3 148 E
224A Walnut Grove Aeneue
Rosemead, California 93770 Cancelling Re isoI U~ VU C Slicee No. U(SO.E

Schedulle No. TOU-8

GENERAL SERVICE - LARGE

(C-01-4~

SP9CIAL CONDITIONS

1.Voltage: Service will be suplied at one standard -nooe

2. Mutionw Detmoese: Utaximum demands shell be established for the daily on-peak. mid-peak. and off-ptas.
periodat. The maximsum demand forteach period shall be the measured maximutm aver-age kilowautt input indicated
or recorded by instruments to be supplied by the Comipany, during any IS-minius. mestered losers-ii. but mot less than
the diversiied resistance welder load conmputed in accordatnce with the section designated Welder Service In Rule N~o. 2.
Where the demand is intermittent or subject to violent Ilectuatiotte. a 5-tanute interval msay be sed.

3. Billin Dem~ande: Separate billing demands for the on-peak, mid-peak, and off-peak daily time periodst shall
be estalislishit lor each monthly billing period. The billing demand tor each daily time period &all be the maximumi
demnd lor that daily time period occurring during the respective monthly billing pericd.

4. Voltage Discousnt: The charges before adjstmsents nwill be redticed by Pre for service deliered and meteredi
at a nominal %oltage of4.00-olls. end by 2% far Service delis-rei alld metceted at a nominal voltage, of 66.000 volts
or 01 er

S. Power Factor Asdjustmentl: The charges will he adjusted each moneth for reactive demand. The charges
will he anccessed by 20 cents per kilovair of maximum reactive demand imposed on the Company in excesa of 20%
of the mahimunt number of kilowatts.

The maximumn reactire demand shall he the highest measured mnanimumn average kilo-na devetand indicated aor
recorded lby metering to be supplied by the Company durnge any 15-atinuze meternd interval in the mronth. The
kilowatta shal be determined to the nearest unit. A device wilt be installed on each bllovar meter to prevent reverse
operation of tht meter.

6. litmpoetry Diseeontinuance of Service: Whbere the cse 0f energy is seasonal or intermitten. no adjust-
meets will he male for a temoporary dtscontiniusnce of servicc Any custirtner prior ts resuming service within twelve
months alter such service was discontinued will he required to pay all charges wehicht wotild have betas billed it
service had not been discosntinued.

7. Constracts: An initial three-year facilities contract may be required where applicant reqaires new or added
ser-ving capacity exsceeding 2.0041 liVA.

It. Energy Cont Adjustmenivit. The rates ahove ate subject zo adjustment as provided for is Pan G of the
Preliminary Statement The applicable nergy cost adjstment billing !ackors and ladt collection balance adjustment
hilling factor set forth taereins will be applied to all h'ilsb 1illed under thia scheduie.

9. Tax Cliosege Adjustmvent. The maes above are sahject to adjustment as prov-ided for' in Part I of the
PrnlilfinAe-y Statement- The applicable tax change adjustment billing factors set forth tberein nit bet applied is
LI'h hilled under this schedule.

10. Conseatien Lead Matnagesmeet Adjustment- The rates above are suhject to adjustment as prov-ided
for in Part 3 4i the Prelimtinary Statemnut. The applicable conservation load manairementt adjuastment billing laters
ast forth therein wilt be applied to kVh billed under this scheduile.

(T. am -.. Meb ,is,irr $-.itdb? PT esdes PlCt
Adsst Leet No. 4 1 F Edward A.MS'r. Jr, Dite ItSICcl Deerrdir Z7. t976

Decistiao No 89711. 49.19R I.iltctive Jsnusry I. 1979
Vice President

Tek Resolution No
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VARIABLE
ENTER IN CARD 42: NAME

Columns: I thru 10: the ratio of sale price to purcnase price SALPUR
of electricity. Assumes excess electricity
generated can be solo back to the utility
company, and utility will reimourse for
energy, but not demand and meter charges.

Data card sample on page 109.
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For specific information on the life cycle cost analysis, refer to the
Department of the Navy letter dated 27 July 1978, arid relatea figures on
pages 76 thru 79.

VMRIABLE
NAME

ENTER IN CARD 43:

Columns: 1 thru 5: the year for which the present value costs NOWYR
will be computed.

6 thru 10: the year the installation will be completed. INSTYR
11 thru 15: the year the escalation rate will change JYRCHN

from short-term to long-term. Tnis is
normally 25 years. Refer to figures on
page 80.

16 thru 20: the number of years of the economic life. LIFE
Refer to figures on page 81.

Data card sample on page 110.

For specific information on the short-term escalation rate, refer to item

9 on page 78.

For specific information on the long-term differential escalation rate,

refer to item 10 on page 79.

ENTER IN CARO 44:

Columns: 1 thru 10: tne short-term escalation rate of the fuel FESTGT

price for the gas turbine.
11 thru 20: the long-term differential escalation rate FELTGT

of the fuel price for the gas turbine.
21 thru 30: the short-term escalation rate of the fuel FESTDS

price for the diesel engine.
31 thru 40: the long-term differential escalation rate FELTDS

of the fuel price for the diesel engine.
41 thru 50: the short-term escalation rate of the fuel FESTST

price for the steam turbine.
51 thru 60: the long-term differential escalation rate FELTST

of the fuel price for the steam turbine.
61 thru 70: the short-term escalation rate of the fuel FESTBL

price for the auxiliary fired boiler.
71 thru 80: the long-term differential escalation rate FELTBL

of the fuel price for the auxiliary fired
boiler.

Data card sample on page 111.
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ENTER IN CARD 45:

Columns: I thru 10: the short-term differential escalation rate OMESCS
for operating and maintenance.

11 thru 20: the long-term differential escalation rate OMESCL
for operating and maintenance.

21 thru 30: the snort-term escalation rate for ELESST
electricity.

31 thru 40: the long-term differential escalation rate ELESLT
for electricity.

41 thru 50: the discount factor. For Navy application DISC
it is mandated as 10% (0.10).

Data card sample on page 111.
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27 > '"1.'

' ' . r . - .

_ ,. 2 : ( ) ", ... ....... ....- . .
(b) ,,..C l ', _i 0. . ,- , I97

Enc : (1) Energy Ccn-:.-rvation ",n.ez :- Prograa (.ECIP)
Cr iteria

1. The cons r'vation cf energy continue.; to be an important
ntional goa., one str-v.,'ly sb%,ted bv the I;Nvy. T ils
C 5L"j t is uvidenced by the allocation c4 significant resources
for a dedicated militnry constructIon onzm reated to reduce
energy consumption at Na:val shore activit.'.-s through the rot-o-
fit of existing facilities. $53 millicn, $55 million, and $50
million have been identified for this EC? progrer., in fiscal
years 1, 02, and 83 respectively.

2. Th- ECIP prograin can make a real co :iibution towar'd
eeting thic natiial goal, but -Dnl" y th,:ugh the wholehearted

support of th! Major Claimantz in the Cavelo.ment of mearingful
projec:=s for the program. Projcats fui.ced under this programn
are those which return the nxxiu' r-ucnicn in energy con.-
sumrtion fo: the dollar investedA. The attention and imagi-
noion of the addresses in develo.Fin. 'nC submitting projects
in support of this program is solicited. Since the projects
will be funded under th. deCicatel program they will not dO-
creaze a Major Claimants' share of the regular HIILCON.

3. Submission of projt-cts in accorcdance with references (a)
and (b) as expcditiousl', as possible is encouraged to insure
funding consideration in the earliest prcgrammirig cycle.
Criteria for candidate ECIP projccts is forwarded as enclosure
(1).

( y dirrecixn
Di!;tributjon:

211, (Fleet Commander:; in Chief.)
A3 (Chief of Nav";l Operatio:)
A4A (Chief, of iwv;L Ml .tri ,
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rERGY CCN flERVATIO ArSTKZNT PROGRP,1 (ECIP) CRIA

The "CIP shall inclu6e military ccnstruction r-ojects which
conp-ve energy and Lw e the _ollowi_.. ct-Aaria:

1. ECIP projecto must be cost-effactive based on a savings-
to-investment ratio grcater than ona utilizing a life cycle
cost nnalysis.

2. Each project must have an energy Cavings-to-Investment
ratio of at least the following values for annual million
BTUs (KBTUs) anved per $1000 of cotal investment: FY-80, 22;
FY-G1, 20; FY-82, 19; FY-83, 10; and rY-84, 17.

3. Projects are restricted to the retrofit of existing
facilities. New construction and total repliceient of
facilities will not be included in the ECIP.

4. ECIP projects should combine similar work in various
buildings with different catecory codes in order to reduce
contract administration cost!. An individual project may
also combine dissimilar work of different construction
trades. When a basewide ECIP project afiects more than one
claimant, the host activity or lead activity or public works
center should prepare and sponsor the project.

5. Projects shall be supported with engineering calculations
in sufficient detail to allow validation of energy savings.
Most projects will also require oupplamentary sheets showing
such calculations as changes in insulation "U" factors, heat
loss rates, and kilowatt demand reductions.

6. Actual fuel heating value rates ohould be uoed when
known. If no, known, the following conversion factors will
be used to pernit standardized project evaluation comparisons:

Distillate Fuel Oil .......... 130,700 BTU/gal
Residual ruel Oil ............ 150,0C0 DTU/gal
NAtural Gas .................. 1,031,000 BTU/1000 cu.ft.
LPG, Propane, Butane ......... 95,500 DTU/qal
Bituminuous Coal ............. 24,500,000 ITU/Short Ton
Purchased Steam .............. 1,390 -ITU/lb
Electrical Source Fuel ....... 11,600 BTU/AflI

Enclosure (1)

ENCL (1) TO Ct0 SER 44/720848 OF 27 Jul 1978
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7. 3cilor ehicini4 e. . e included Ln the
alculation of sa!¢ from _-.A(C.c: :. .. cLnT TDion. The

xasulting ;cluctio n in Zuel inp'ut anc holr ,,'ater
renreent a rcal cnct avuida-ic1C when steam Co! ia
.:c',/uc.~. ha "--con,:mud" '.t cL -u'Ji and olczricity:;ball be uaed in ( aterm--ining anurr- rio-Ilar 3aviYte-s. 12 h;

energy cots, aD repzrted i: cch act'ri-C, in the nontwh!vDefunnJe E nergy Cno- ..lnt7. - D'I-"1-1) --- zport, are

mas-cofennw-" ,C_...o.y 21%n or Vost nate", t;hich
includes overhead and iaintcanunce co,'ts, should not be used
for calculating aavings. Ouch cost. do not normally change
with small percentage reductions in ov-rall atea-m consumption.

D. When two or zore energy projects are progr.mmed for
the same facility, the computation of energy mavings must
indicate which portions of the energy savings would le
duplicative.

9. Energy, material, and labor prices -hould be escalated
from current rates to those projected for 30 September of
the fiscal year for which the project is submittad for
funding. Unless more definitive future prices can be
determined or predicted for an individual activity, the
following rates are to be used for escalation:

FY-79 FY-80 Y-91 rY-82 FY-03

Design &
Construction 7.0% 6.5% 6.0% 6.0% 6.0%

Operaticns &
Maintenance 6.4% 6.2; 5.6% 5.6% 5.6%

Coal 10.0% 10.0% 10.0% 10.0% 10.0%

Fuel Oil 16.0% .1..04 24.0% 14.0% 14.0%

Natural Ga3
& LPG 15.0% 15.0% 14.0%S 14.0% 14.0%

Electricity
(1wI £. KW) GI.0 16.00 13.0; 13.04 13.0q
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10. The 14'e cvclo Lo05t ana!, iz u:ed to detarraina the
prof.tcto - rtic ih11 utli- a bai
fLscal year ormencing or, Cft-bet Tollowing h pro~e't '
progrr/,a ed year . Tne iorp-rar m z e :: t a! ;s ai t o

rates bclrw ar to !a nseod for j%, ti'.7 the prc.ient "orth
of reaucrin annua! c)nts and boern "i_ if =ore te-initivt
data i not available Lt indivilual activities.

Operaticns & Natural Gas
ldaintenanc2 ...... 0% .............. 8%
Coal .............. 5% Electricity

(mWH & Kw) ......... 7s
Fuel oil ......... 8%

11. The present worth factors for multiplication of recurring
annual savings can be selected from the appropriate
differential escalation rate colunm in the DISCOUNT FACTORS
table on the next page.

12. Economic life is the period of tLTe over which the life
cycle benefits to be gained from a project may reasonably be
expected to accrue. As such, the economic life may differ
from its physical and technological life. The economic lives
below may be used as guides, and ordinarily will not be
exceeded.

CATEGORY ECONOMIC LIFE

BUILDINGS (including insulation, solar screens,
heat recovery systems, solar inztallations, etc.) ..... 25 ycars

UTILITIES (plants and distribution systems) .......... 25 years

E14ERGY MONITORING & CONTROL SYSTES .................. 15 years

CONTROLS (thermostats, limit switches, ignition
devices, clocks, photo cells, flow controls,
sensorc, etc. when these constitute the major
end item of the project) ....... 1........ .......... 15years

REFRIGERATION COMPRESSORS ..... 1....95 years
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DATA CARD NUMBERS I THRU 45
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Data Card #1
Control Modes
Variable Name: MOLTR

11 I 11 II11111111 1 I0 4 71 .7 II 1 11 III isa 111II 11111111 g1 1 a 1 m111 11H111 7111

22222222222222222222 22 222 222 2 22 22222 2222222 2222222 2 2 2222 72222222222
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6II I 111 101'111 11 11 116111 IllIlIIII IIIIIIII 1111110 8I 11ilIt ' III a
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Data Card #2
Reports

Variable Name: IPRNT
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90 734. .. 6 .

iI I I I I I II I I I I I IIIIIIIIIIIIIIIll l ~ l lS l l ~ l l~l l l O G IIIII II II I111111111111l
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1 77 777 7717 177777 11717 7 77 77777177177777777777 777 7217777777 77777

:Q I 1 111 11 1 M.31 111111 Is!,IIIIIIIIIIII IIIII IIIIIIIII8III

t Data Card #3
Information on the Auxiliary Fired Boiler
Variable Names: TBLRFO, TEVP, HLV, BLREF
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Data Card #4
Total Number of Engines

Variable Names: NUMGT, NUMDSL, NUMSTT, NUBPST

14.?
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IIIs 1 I llll l l lllll I III)I6I1 16111111111U II IIU 1 I II

Data Card #5
Ambient Pressure
Variable Name: PAMB

-83-



496. 497. 504.7 516.7 526.: 56. : 5.I 35 ' 5-, 5.5 1 523.9 51.10 5:

lllllllllllllllllll8l llll lll lll1 11118 1 ll~ ulllllll ll~ lllll l l l mllllllll

2222 2222222222222222?222 2222222222222222 222222222222 222222 222 27222222222

3333 3333 33333 3 333 33333 333 3 3333 333 3 333 3333 33333 333 3 3333333

4 44444 4444444 4444444444444444444444 4444444444444444444444444444444444444444

5 555 55555555 55555 55555 55555 55555 55555 55555 55555 55555 55555 555555555555

16 55 6656 656566661 666 6666 6 6 6 6 6 656565 66665566 6565656 666 6 5656 5656666

7777 17 111117 17117 7 77?77717717777711 111777 777117171 1T71l111111

8 II1II 1111 111188 188 818 81111 88881 188 18111 88888 111111 1511111

119 8111 11155151SS5S99 5S959l5I!995535 35999159995)5 999111111 19995191g

Data Cdrd #6
Maximum Temperature Per Month
Variable Name: TMAX (Month)
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gigigllg!iggitggoo1119 119t 11us9ii95gggsg1gggg 995599995 litgg 199 9111

Data Card #7
Minimum Temperature Per Month.

Variable N~me TMIN (Montr)
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Data Card #8
Design Conditions for the Gas Turbine

Variable N.imes: ED, QFD, AIRFLD, TAMBD, PAMBD, HV

. . 0. 0. 0. 0.
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Data Card #9
Off-Design Condition for the Gas Turbine
Variable Names: EDP, QFP, QFO, TEXHD, TEXHP, TSTACK
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M5CC - 5061

Data Card #~10

The Heat Recovery Boiler for the Gas Turbine

Variable Names: STIMPRE, STMTEP, STMENTH, FETEMP, FEENTH,
EFFCTV, EFFNS
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Data Card #i1
Design Conditions for the Diesel Engine
Variable Narzos: ED, QFD, TEXHD, TEXHP, EDP
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Data Card #12
Heat Recovery Boiler for the Diesel Engine
Variable Names: AIRFLD, TSTACK, STMPRE, STMTEP, STMENTH,

FETEMP, FEENTH, EFFCTV
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Data Card #13
Auto Extraction Steam Turbine Data
Variable Names: PAM80, WCD, WTD, TAMBD, EED, ED
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Data Card #14
Auto Extraction Steam Turbine Data
Variable Names: T3LIM, TPNCHD, TEXHO, T3FRC, EFFCTV, THROMAX
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Data Card #15
Auto Extraction Steam Turbine Data

Variable Names: EXPO, T2D, T30, WC
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Data Card #16
Auto Extraction Steam Turbine-Data
variable Names: STMV, BLDM, UA
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Data Card #17

Back Pressure Steam Turbine Data
Variable Names: EED, QFD, EDP, QFP, T3FRC, T3LIM
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Data Card #18
Back Pressure Steam Turbine Data
Variable Names: TPNCHD, PAM8O, TAMBO, WTD, STMD, TEXHD
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Electrical Load on a Typical Work Day Per Hour in January

Variable Name: ELLD (IHR, Month, Nowork)
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Data Card #19
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Data Card #21
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Electrical Load on a Typical Non-Work Day Per Hour in January.

Variable Name: ELLD (IHR, Month, Nowork)
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Data Card #22
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Data Card #23
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9574. 9578. 9774. 9979. 9174. 9972. 9468. 8959.
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tData Card #24
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Steam Load on a Typical Work Day Per Hour In January

Variable Name: STMLD (IH*R, Month, Nowork)
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Data Card #25
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Data Card #26
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Data Card #27
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Steam Load on a Typical Non-Workday Per Hour in January
Variable Name: STMt.D (IHR, Month, Nowork)
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Data Card #28
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Data Card #29
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Data Card #30
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Data Card #31
Months the Rate Changes to Summer and Winter for Demand Pricing
Variable Names: SUMONI, SUMON2
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Data Card #31
Months the Rate Changes to Summer and Winter for Demand Princing

Variable Names: SUMON1, SUMON2
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Data Card #32 Demand Pricing

Rate Charges for the Demand of Each Hour on a Typical Work Day
During the Summer Months
Variable Names: LRATE (IHR, KYRHLF, Nowork)
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Data Card #33 Demand Pricing
Rate Charges for the Demand of Each Hour on a Typical Work Day
During the Winter Months
Variable Names: LRATE (IHR KYRHILF, Nowork)
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Data Card #34 Demand Pricing
Rate Charges for the Demand of Each Hour on a Typical Non-Work
Day During the Summer Months
Variable Names: LRATE (I4R, KYRHLF, Nowork)
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Data Card #35 Demand Pricing
Rate Charges for the Demand of Each Hour on a Typical Non-Work
Day During the Winter Months
Variable Names: LRATE (IHR, KYRHLF, Nowork)
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Data Card #32 Time of Day Pzicing
I Rate Charges for the Demand of' Each Hour on a Typical Work

Ii ~Day (Auring the Summer Months
Variable Names: LRATE (ItR, KYRHLF, Nowork)
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Data Card #33 Time of Day Pricing
Rate Charges for the Demand of Each Hour on a Typical Work
Day During the Winter Months
Variable Names: LRATE (IHR, KYRHLF, Nowork)
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Data Card #34 Time of Day Pricing

Rate Charges for the Demand of Each Hour on a Typical Non-Work

Day During the Sumer MonthsVariable Names: LRATE (IFHR, KYRHLF, Nowork)
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Data Card #35 Time of Day Pricing
Rate Charges for the Demnd of Each Hour on a Typical Non-Work

Day During the Winter Months
Variable Names: LRATE (IH, KYRHLF, Nowork)
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Data Card #36
Numo~er of Days Per month
Variable Names: PERMO (Month)
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Data Card #37
Current Fuel Prices
Variable Names: GTFLC, OSLFLC, STTFLC, BLRFLC
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Data Card #38
Operating and Maintenance Costs Per Unit
Variable Names: GTPKOM, GTCGOM, DSPKOM, OSCGOM, STPKOM,

STCGOM, BLROM, WASTOM
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Data Card #39 Time of Day Pricing
Operating and Maintenance Costs Per Month

Variable Names: GTOM, DSOM, STOM, BLFOM, THRSTM
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Data Card #40

Utility Company Monthly Charges for the Demand Rate Scheoule
Variable Names: CHMTR, DCHPK, DCHOFF, ECHPK, ECHOFF, FLAD
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Data Card #41
Utility Company Billing Demand for the Demand Rate Schedule
Variable Names: DOIPK
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Data Card #40

Utility Company Charges for the Time of Day Rate Structure
Variable Names: CHMTR, DCHPK, DCHMID, DCHOFF, ECHPK, ECHMID

ECHOFF, FLADW
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Data Card #41
Utility Company Peak Demnds ror the Time of Day Rate Structure
Variable Names: DMDPK, DtbDMID, D DOVF
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Data Card #42
Sales Price/Purchase Price Ratio
Variable Names: SALPR
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Data Card #43
Years Pertaining to the Life Cycle Cost Analysis

Variable Names: NOWYR, INSTYR, JYRCHN, LIFE
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Data Card #44
Escalation Rates for the Life Cycle Cost Analysis
Variable Names: FESTGT, FELTGT, FESTDS, FELTOS, FESTST,

FELTST, FESTBL, FELTBL
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Data Card #45
Escalation Rates for the Life Cycle Cost Analysis
Variable Names: OMESCS, OMESCL, ELESST, ELESLT, DISC
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